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I 1.  INTRODUCTION 

In  recent  years,  there  has  been  a growing  concern  within  the  Inter- 
I national  maritime  safety  community  regarding  the  Inadequacy  of  ship's 

lifeboats  and  llferafts  to  perform  rescues  of  people  In  the  water. 

I Various  national  agencies  have  been  considering  the  specification 

of  requirements  for  a boat  for  rescue  work.  Such  requirements 
may  be  considered  for  Inclusion  In  the  next  revision  of  Chapter  III 

I of  the  Safety  of  Life  at  Sea  (SOLAS)  Convention.  At  the  next 

revision,  requirements  will  be  written  In  terms  of  survival  system 

functions  rather  than  in  terms  of  hardware  requirements. 

4 ; 

A number  of  agencies  around  the  world  are  currently  conducting 
research  and  development  programs  to  develop  a rescue  boat  ac- 
cording to  requirements  which  are  generally  held  to  be  relevant. 

There  has  not  been  any  effort,  however,  to  systematically  and 
objectively  derive  functional  requirements  for  rescue  boats. 

This  project,  consequently,  was  carried  out  to  meet  this  need. 

1 . 1 Summary 

This  report  presents  the  results  of  a study  performed  by  CASDE 
Corporation  for  the  U.S.  Coast  Guard  to: 
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1)  develop  casualty  profiles  for  commercial  vessels 
to  support  studies  of  rescue  boat  performance 
criteria , 

2)  formulate  such  rescue  boat  performance  criteria  and 
related  test  procedures,  and 

3)  establish  a methodology  for  developing  performance 
criteria  for  survival  systems  in  general. 

The  results,  conclusions,  and  recommendations  of  this  study  are 
presented  In  section  2 In  summary  form. 
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1.1.1  Methodology  for  Performance  Criteria 


The  method  of  approach  taken  in  performing  this  study  is  presented 
in  Section  3.  That  section  discusses  the  methodology  for  deve- 
loping vessel  casualty  profiles;  even  though  it  delineates  the 
development  of  such  profiles  specifically  for  the  construction 
of  rescue  boat  performance  criteria,  it  should  be  viewed  as  a 
generalized  approach  in  which  the  essential  steps  are: 

1)  Collect  and  analyze  case  histories  of  the  relevent 
casualty  types; 

2)  Formulate  casualty  scenarios  using  either  block 
diagrams  or  fault  trees  based  upon  that  understanding; 

3)  Identifv  events,  time  durations,  and  sequences  that 
are  quantifiable  from  statistical  data; 

4)  Develop  other  necessary  quantifications  based  on 
engineering  principles  and  mature  judgement; 

At  this  point,  the  methodology  must  become  survival  equipment  type 
specific.  The  remaining  steps  then  are: 

5 ) S imp  1 i f y the  casual ty  scenario  to  focus  on  the  appropriate 

survival  equipment  to  be  studied,  e.g.,  lifeboats,  life- 
rafts,  personal  floatation  devices,  fire  extinguishers, 
siirvival  suits,  man  overboard  detectors  and/or  locators, 
etc.  This  is  a critical  step  and  one  which  requires 
sound  Judgement  in  selecting  the  appropriate  survival 
equipment  parameters  or  characteristics  for  study. 
Criteria  for  selecting  such  parameters  Include  that: 

' they  be  meaningful  to  the  outcome  of  the  analysis, 

• they  are  expressable  in  terms  of  the  outcome  of 
a specific  event,  and 

• they  arc  parameters  which  can  be  measured  or  readily 
determined  for  the  survival  equipment. 

6)  Develop  the  appropriate  computer  simulation  using 
the  diagrams  formulated  in  step  (2)  as  flow  diagrams; 

7)  Perform  an  effectiveness  analysis  whereby  the  para- 
meters which  characterize  the  selected  survival  system 
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element  are  varied  to  optimize  a stated  payoff  function 
such  as  "rescue  rate"; 

8)  Prepare  the  test  procedures  required  to  properly 
quantify  the  survival  system  parameters;  and 

9)  Prepare  the  results  in  appropriate  documentation. 

1.1.2  Casualty  Profiles 

Two  generalized  casualty  profiles  have  been  developed  in  this  pro- 
ject to  support  studies  of  rescue  boat  performance:  one  for  evalu- 
ating man  overboard  situations  and  the  other  for  investigating 
ship  abandonment  due  to  nine  different  types  of  casualties.  The 
profiles  depict  the  numerous  events,  time  durations,  and  sequences 
necessary  to  realistically  describe  typical  scenarios  which  occur 
in  man  overboard  and  abandon  ship  situations;  the  profiles  are 
based  on  numerous  case  histories  and  assumptions  involving  engineer- 
ing judgement.  Wherever  possible,  factual  statistics  were  used 
to  develop  the  profiles  to  the  level  of  detail  necessary  to  support 
studies  of  rescue  boat  performance  criteria. 

An  overview  of  these  casualty  profiles  is  shown  in  Figures  4-1 
and  4-3;  detailed  profiles  are  depicted  in  Figures  4-2  and  4-5 
in  block  diagram  form.  The  block  diagrams  are  used  as  flow  dia- 
grams to  develop  the  corresponding  computer  simulations.  The 
profiles  are  considered  reasonable  real-world  approximations  suf- 
ficient for  the  purposes  stated. 

Casualty  profiles  were  developed  to  include  the  following  ship 
types  : 

1)  Tankers 

2)  Con t a ine r sh 1 ps 

3)  LNG  Ships 

4)  Flshboats 

5)  Tugs 

6)  Barge  Carriers  (LASH) 
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7)  Great  Lakes  Bulkers 

8)  Ferries 


I 
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They  were  also  developed  to  include  the  following  casualty  types: 

1)  Fire 

2)  Collision  and  Fire 

3)  Collision  and  Sinking 

4)  Explosion  and  Fire 

5)  Explosion  and  Sinking 

6)  Structural  Failure 

7)  Grounding 

8)  Capsizing 

9)  Foundering 

A detailed  explanation  of  these  casualty  profiles,  the  statistics 
used,  and  the  assumptions  made  is  given  in  Section  4. 
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Two  distinct  computer  simulations  were  developed  in  accordance 
with  the  casualty  profiles  used.  The  simulations  for  the  man  over- 
board and  the  ship  abandonment  studies  were  developed  in  a BASIC* 
language  for  use  on  the  Wang  2200  minicomputer  system;  they  can 
be  readily  modified  for  use  on  any  mini  or  microcomputer  system 
which  has  a BASIC*  capability.  The  advantages  of  such  a develop- 
ment include  economies  of  operation,  flexibility,  simplicity  of  use 
and  minimization  of  input  errors.  Both  simulations  have  an  inter- 
active dialogue  programmed  so  that  anyone,  regardless  of  his  degree 
of  programming  knowledge,  can  operate  the  simulations.  The  simu- 
lations are  described  in  Section  5;  Report  No . CG-D-9-78  , 
the  Programmer's  Manual,  contains  a detailed  explanation  of  all  the 
computer  programs.  Report  No . CG-D- 8-78 , the  User's  Manual,  contains 
the  explanation  required  for  the  survival  system  analyst  to  oper- 
ate both  computer  simulations. 


*BASIC  is  a registered  trademark  of  Dartmouth  University 
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1.1.4  Effectiveness  Analysis 
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Section  6 presents  the  results  of  the  study.  Figures,  determined 
from  the  multitude  of  computer  simulation  runs,  which  depict  the 
effectiveness  of  the  various  rescue  boat  characteristics  for  the 
different  casualty  types,  are  discussed;  they  form  the  basis  for 
the  conclusions  and  recommendations  given  In  Section  2.  The  pay- 
off criterion  used  In  this  study  Is  to  maximize  a "rescue  rate" 
defined  as  the  ratio  of  the  number  of  people  saved  by  the  rescue 
boat  to  the  total  number  of  people  In  the  water. 


2. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  results  of  this  study,  in  terms  of  the  stated  objectives,  are; 

1)  Casualty  profiles  for  commercial  vessels  have  been 
successfully  developed;  they  are  primarily  based  on 
casualty  records  and  adequately  support  studies  of 
rescue  boat  performance  critlera;  the  profiles  depict 
the  man  overboard  and  ship  abandonment  casualties. 

2)  A methodology,  which  is  useful  for  survival  systems 

in  general,  has  been  defined  for  developing  performance 
criteria  for  rescue  boats.  The  key  element  in  the 
methodology  is  a slmple-to-use  computer  simulation. 

3)  Rescue  boat  performance  criteria  and  associated  test 
procedures  have  been  studied  and  tentative  conclusions 
drawn;  these  are  presented  in  section  2.1  and  2.2 
respect  1 ve ly . 

2.1  Rescue  Boat  Performance  Criteria 

The  rescue  boat  characteristics  were  determined  after  a careful 
analysis  of  both  the  man  overboard  and  the  abandon  ship  profiles. 
Only  those  characteristics  which  influenced  the  rescue  rate  were 
studied;  in  most  cases,  events  related  to  the  rescue  boat  and 
their  associated  sequences  were  combined  to  reduce  complexity 
and  to  express  the  effects  of  a rescue  boat  and  its  launching 
system  in  a more  meaningful  way.  For  example,  the  turns,  acceler- 
ations, decelerations,  etc.,  which  must  be  performed  by  the  rescue 
boat  in  proceeding  from  the  side  of  the  ship  to  a man  in  the  water 
were  combined  into  a single  event;  the  characteristic  which  measures 
the  rescue  boat’s  ability  to  perform  this  event  is  its  "mean  time 
to  perform  the  standard  maneuver";  this  mean  time  is  a measurable 
quantity.  The  same  is  true  for  the  rescue  boat  parameter  the 
"mean  time  to  pick-up  one  survivor".  Each  of  these  functional 
performance  parameters  combines  a myriad  of  specific  rescue  boat 
characteristics,  such  as:  boat  resistance,  propulsion,  seaworthiness 
crew  performance,  etc. 
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In  the  man  overboard  (MOB)  and  abandon  ship  studies,  sixteen  rescue 
boat  characteristics  were  evaluated;  these  studies  were  performed 
for  eight  ship  and  nine  casualty  types  under  differing  environmental 
conditions.  As  a consequence,  there  are  over  14,000  possible  com- 
binations of  variables  available  for  study.  Clearly,  not  all 
combinations  warrant  study.  To  stay  within  the  bounds  of  this 
project,  only  a representative  sample  of  the  possible  combinations 
were  analyzed;  consequently,  the  conclusions  presented  here  must 
be  considered  tentative  and  subject  to  modification  based  on  further 
analyses . 


The  more  significant  conclusions  reached  are: 

1)  In  only  10%  of  the  MOB  cases  where  the  man  is  not  seen 
falling  overboard  Is  the  MOB  even  alive  when  the  ship  or 
boat  returns  to  their  approximate  position.  Clearly, 
since  the  rescue  boat  can  impact  only  10%  of  these  cases 
(approximately  4%  of  the  total  MOB  cases),  greater  empha- 
sis should  be  placed  on  early  MOB  detection  and  alarm 
methods  and  on  personal  floatation  and  protection  "suits" 
which  are  convenient  to  wear  and  which  also  Increase  the 
mob's  time  to  remain  afloat  and  survive. 

2)  In  42%  of  the  MOB  cases  where  the  man  Is  seen  falling 
overboard  (approximately  27%  of  the  total  MOB  cases), 
the  present  equipment  provides  an  effective  rescue  mech- 
anism. 

3)  In  about  11%  of  the  total  MOB  cases,  the  slowness  of 
the  rescue  effort  was  the  primary  cause  of  lost  lives. 
This  "lost  lives"  rate  is  Influenced  primarily  by  the 
time  required  for  launching  the  rescue  boat  and  for 
performing  the  standard  maneuver. 

4)  Improvements  in  the  launching  system,  i.e.,  by  reduc- 
ing the  time  required  to  launch  the  rescue  boat,  can 
result  in  a 1%  Improvement  in  the  rescue  rate  for  every 
minute  saved  in  the  time  to  launch,  up  to  a maximum  of 
about  4%.  This  improvement  can  be  achieved  by  simpler 
launch  mechanisms,  e.g.,  single  falls,  and  better  crew 


5)  Rescue  boat  capacity,  in  general,  should  be  between 
5 and  10;  this  requirement  is  driven  by  the  abandon 
ship  situations.  Capacity  in  excess  of  ten  is  not 
necessary  simply  because  the  number  of  people  in  the 
water  due  to  ship  abandonment  is  usually  much  less 
than  ten.  Capacity  lower  than  five  results  in  a sharp 
drop  in  the  rescue  rate  (about  a 2%  drop  in  the 
rescue  rate  for  every  capacity  number  reduced).  The 
situation  is  unique  for  passenger  vessels  which, 
under  present  regulations  are  not  required  to  have 
redundancy  in  basic  survival  craft  capacity.  For 
these  vessels,  the  capacity  of  the  rescue  boat  can 
have  a significant  Influence  on  the  survival  rate 

to  the  extent  that  it  provides  redundancy  for  the 
basic  outfit  of  lifeboats  and/or  liferafts. 

6)  The  "rated  heel  angle  of  the  davits",  i.e.,  the  heel 
angle  at  which  the  davits  are  fully  operational,  has 
been  found  to  offer  significant  potential  for  improve- 
ment of  the  rescue  rate.  Studies  indicate  that  for 

a one  (1)  degree  Improvement  in  the  rated  heel  angle 
beyond  the  currently  accepted  value  of  15  degrees, 
that  approximately  a 2.5%  increase  in  the  rescue  rate 
wo  uld  result. 

7)  Improvements  ii  seaworthiness  beyond  current  USCG  lifeboat 
standards  Improve  the  rescue  rate  only  slightly  but  that 
worsening  of  the  rescue  rate  would  begin  to  be  signifi- 
cant if  seaworthiness  standards  are  relaxed.  The  con- 
clusion is  that  while  reasonable  efforts  should  be  made 

to  maintain  or  improve  seaworthiness,  extraordinary 
improvements  in  seaworthiness  arc  not  as  Important 
as  Improvements  in  other  areas  ot  rescue  boat  perfor- 
mance . 

Conclusions  4 through  7 are  drawn  from  the  abandon  ship  studies. 


8)  In  the  limited  ship  abandonment  studies  conducted,  i.e., 
for  tankers  and  ferries  only,  the  rescue  rate  was  found 
to  increase  by  about  6.5%  with  th..  use  of  a second  res- 
cue boat.  This  is  due  primarily  to  the  redundancy  pro- 
vided which  greatly  reduced  the  likelihood  that  no  res- 
cue boats  would  be  available  due  to  damage  caused  by 

the  casualty,  e.g.  in  collisions  and/or  fires.  A more 
detailed,  cost  effectiveness  analysis  is  required  to 
arrive  at  a more  definitive  conclusion. 

9)  The  rescue  rate  in  ship  abandonment  situations  can  be 
increased  by  as  much  as  12%  for  every  minute  reduction 

in  the  rescue  boat  characteristics  of  "mean  time  to  pick- 
up" (HTTP).  Extensive  analyses  were  made  of  rescue  boat 
performance  in  ship  abandonment  for  eight  casualty  types. 

The  HTTP  and  also  the  "mean  time  to  perform  the  standard 
maneuver"  characteristics,  which  basically  quantify  the 
agility  of  rescue  boats,  significantly  Impact  the  rescue 
rates  and  should  consequently  be  improved.  The  effect  of 
the  HTTP  on  the  rescue  rate  is  more  pronounced  for  ship 
casualtites  which  result  in  greater  numbers  of  people  in  the 
water,  most  notably  in  explosion  and  fire  casualties. 

The  MTTP  and  the  "mean  time  to  perform  the  standard  man- 
euver" are  characteristics  which  can  be  determined  by 
tests  of  the  actual  boats. 

2.2  Rescue  Boat  Test  Procedures 

Test  procedures  to  determine  the  rescue  boats  ability  to  satisfy 
stated  performance  criteria  are  required.  Only  those  additional 
procedures  not  covered  by  existing  regulations  are  mentioned  here; 
the  additional  test  procedures  required  are  those  necessary  to 
quantify  the  three  functional  performance  parameters  proposed  as 
measures  of  the  rescue  boat's  speed  and  agility;  these  are  the 
dynamic  quantities  of  "mean  time  to  perform  the  standard  maneuver", 
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the  "mean  time  to  pick-up  one  survivor"  (HTTP),  and  the  boat  speed 
in  waves.  These  characteristics  must  be  measured  dynamically  on 
a standarized  course.  The  first  two  functional  performance  para- 
meters are  very  similar;  each  requires  that  the  boat  perform  a 
number  of  short  maneuvers  on  a calibrated  course  in  a moderate 
seaway.  The  third  parameter  can  be  measured  in  a straight-forward 
way . 

Further  details  of  the  test  procedures  can  be  found  in  Section  6. 

2.3  Recommendations 

The  results  of  the  first  phase  of  the  development  of  rescue  boat 
performance  criteria  by  means  of  computer  simulation  of  casualty 
profiles  has  been  successful.  Additional  effort  is  required, 
however,  before  the  functional  and  the  associated  testing  require- 
ments for  rescue  boats  for  all  ship  types  are  developed  sufficient- 
ly for  incorporation  in  the  regulations;  the  developmental  steps 
are  described  below. 

1)  An  effectiveness  analysis  utilizing  the  full  capabilities 
of  the  MOBCSM  and  the  Abandon  Ship  Computer  Simulation 
Model  (ASCSM)  should  be  conducted.  The  conclusions  drawn 
from  the  rescue  boat  effectiveness  studies  to-date  should 
only  be  considered  as  tentative  with  additional  work  re- 
quired to  produce  more  substantive  conclusions  regarding 
rescue  boat  performance  criteria. 

2)  Tests  should  be  conducted  with  various  types  of  boats  cur- 
rently used  as  rescue  boats,  i.e.,  standard  lifeboats  and 
the  26  foot  motor  whaleboat,  to  determine  appropriate 
baseline  values  for  the  "mean  time  to  perform  the  standard 
maneuver"  and  the  "mean  time  to  pick-up  one  survivor". 

Since  there  has  been  no  prior  experience  in  the  use  of 
these  parameters,  the  estimates  used  in  the  analyses 

are  somewhat  speculative;  this  early  testing  would  also 
provide  experience  with  the  test  procedures. 
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3)  Effort  should  be  continued  to  extend  and  improve  the 
present  versions  of  the  MOBCSM  and  the  ASCSM.  Areas 
for  improvement  include: 

--  modeling  the  effects  of  crew  training,  skill,  fatigue, 
etc.  on  rescue  boat  operations; 

--  modeling  the  environmental  conditions  as  functions 
of  the  casualty  type  as  well  as  the  ship  type,  e.g., 
relating  structural  failures  more  closely  to  storm 
conditions  and  collisions  to  reduced  vislbiltiy; 

— Incorporating  the  effects  of  panic  during  ship  abandon- 
ment ; 

--  determining  constraining  r e 1 a t i on sh 1 ps  within  rescue 
boat  characteristics  so  that  a more  meaningful  optimi- 
zation can  be  made. 

Other  recommendations  are: 

1)  A similar  study  program  should  be  started  to  include  other 
elements  of  survival  systems,  e.g,,  lifeboats,  llferafts, 
PFDs,  survival  suits,  etc.  This  additional  effort  would 
lead  to  the  capability  for  determlng  functional  require- 
ments for  all  elements  of  survival  systems; 

2)  A study  effort  should  be  started  to  more  closely  relate 
the  specific  casualty  development  with  the  ship  abandon- 
ment process;  and 


3)  Additional  effort  should  be  focused  in  the  areas  of  man 
overboard  detection  and  increased  survival  time  in  the 
water . 


3.  STUDY  APPROACH 


The  general  approach  used  In  this  study  Is  discussed  below.  Although 
it  specifically  addresses  the  neans  for  developing  functional  per- 
formance criteria  for  rescue  boats  and  the  required  test  procedures, 
it  should  also  be  viewed  as  defining  the  methodology  for  developing 
performance  criteria  in  general. 

3.1  Analyze  Casualty  Case  Histories 

The  first  step  In  the  process  was  to  study  case  histories  of  the 
relevant  casualty  types  from  such  sources  as  the  Marine  Board  of 
Investigation  reports.  Coast  Guard  casualty  records,  classifica- 
tion society  reports.  Interviews  with  casualty  witnesses  or  partici- 
pants, interviews  with  ship  owners  and  operators,  etc.  This  pro- 
vided a reasonable  understanding  of  how  such  casualties  develop. 

3.2  Develop  Casualty  Profiles 

It  was  recognized  at  the  outset  of  the  study  that  rescue  boats 
were  factors  in  two  classes  of  casualties;  man  overboard  and  ship 
abandonment.  The  understanding  gained  in  the  first  step  indicated 
that  the  two  classes  of  casualty  were  sufficiently  dissimilar  to 
warrant  the  development  of  separate  casualty  profiles.  It  was 
also  evident  that  it  would  not  be  possible  to  define  an  adequate 
casualty  profile  for  abandon  ship  casualties  based  on  casualty 
statistics  alone  since  the  required  statistics  simply  did  not  exist. 
The  casualty  profiles  were  developed  as  block  diagrams  depicting 
the  sequences  of  events,  including  alternative  sequences,  based 
upon  the  knowledge  and  understanding  of  what  does  and  can  take 
place  during  each  particular  casualty. 

In  the  construction  of  the  casualty  profile  block  diagrams,  it 
was  necessary  to  strike  a balance  between  the  degree  of  detail  to 
be  presented  and  that  required  to  provide  completeness  for  the 
task  Intended.  This  was  achieved  by  limiting  the  events  depicted 
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to  those  whose  outcoae  vss  Influenced  by  the  vsrlsble  psrsmeters 
selected  for  study  snd  those  necessary  for  proper  sequencing  of 
«vents  In  the  model.  Sequences  of  events  which  were  not  Influenced 
by  the  vsrlsble  persaeters  were  combined  wherever  possible. 

A critical  eleaent  of  the  process  just  described  was  the  selection 
of  the  rescue  boat  parameters  or  characteristics.  It  was  necessary 
that  they  were:  first,  meaningful  to  the  outcome  of  the  analysis; 
second,  that  they  were  expressable  in  terms  of  the  outcome  of  a 
specific  event;  and  third,  that  they  were  parameters  capable  of 
being  measured  on  a particular  boat.  It  Is  notable  that  tradi- 
tional parameters  such  as  length,  beam,  weight,  horsepower,  etc. 
were  not  selected  but  functional  parameters  such  as  the  "mean 
time  to  pick  up  one  survivor"  were.  The  selection  of  appropriate 
rescue  host  characteristics  for  study  reflects  the  outcome  of 
numerous  discussions  with  manufacturers  and  users  of  survival 
craft . 

3.3  Identify  Items  Quantifiable  From  Statistics 

Following  the  development  of  the  block  diagrams,  the  various  events, 
time  durations,  and  the  relationships  determining  the  outcome  of 
each  event  which  were  quantifiable  using  casualty  statistics  were 
Identified.  Needless  to  say,  a great  deal  of  the  information 
required  was  not  available;  whatever  existed  that  was  useful  in 
the  various  casualty  records  or  in  other  study  reports  was  used. 

3.4  Develop  Other  Necessary  Quantifications 

Vhere  statistical  data  was  unavailable  or  unreliable,  the  required 
relationships  and  other  information  were  developed  by  means  of 
engineering  analysis  and  sound  judgement.  In  many  cases,  the  as- 
sumptions made  could  not  be  tested  since  in  some  of  the  cases, 
they  reflected  subjective  feelings.  It  was  decided,  however,  to 
proceed  and  identify  these  assumptions  so  that  others,  with  per- 
haps a different  perspective,  could  modify  them  according  to  their 
specific  views. 
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3.5  Develop  Computer  Simulation 

Simulation  by  means  of  a computer  was  the  method  selected  for 
conducting  the  effectiveness  analysis  of  the  rescue  boat  char- 
acteristics because  the  large  number  of  events  and  the  random 
nature  of  many  of  these  events  precluded  the  validity  of  analysis 
by  means  of  a typical  or  "average"  casualty. 

The  block  diagram  depicting  the  man  overboard  casualty  profile 
was  used  as  a flow  diagram  to  develop  a computer  simulation  using 
"BASIC"  as  the  computer  language  for  Implementation  on  a Vang  2200 
minicomputer  system.  The  abandon  ship  casualty  profile  was  also 
simulated  completely  on  the  Wang  2200  System.  The  simulations  were 
structured  for  Interactive  communication  with  the  operator, 
simplicity  of  operation,  and  economy  of  usage. 


3.6  Effectiveness  Analysis 

The  overall  measure  of  merit  used  in  the  analyses  is  the  "rescue 
rate",  l.e.,  the  ratio  of  number  of  people  saved  by  the  rescue 
boat  to  the  total  number  of  people  In  the  water.  Each  model  was 
exercised  to  determine  the  effect  of  changes  in  selected  rescue 
boat  charactdrletlcs  on  the  rescue  rate.  In  general,  only  one 
parameter  was  changed  In  each  simulation  run.  A baseline  case 
was  defined  which  conforms  to  current  ship’s  lifeboats  used  as 
the  rescue  boat.  Changes  In  the  rescue  rate  were  compared  to  the 
rescue  rate  determined  for  the  baseline  case.  The  results  are 
displayed  in  graphs  and  charts  as  appropriate  to  enable  the  ef- 
fects of  chsnges  of  alternative  rescue  boat  characteristics  to 
be  compared.  Functional  performance  criteria  were  derived  from 
analysis  of  these  charts  snd  graphs. 
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CASUALTY  PROFILE  DEVELOPMENT 


4.1  Man  Overboard  Model 

The  Man  Overboard  Model  is  intended  to  provide  a realistic  pro- 
file of  man  overboard  situations  to  enable  the  effectiveness 
of  alternative  rescue  system  configurations  to  be  studied.  In 
constructing  the  profile,  emphasis  was  placed  on  modelling  the 
aspects  of  the  man  overboard  situation  which  involve  the  rescue 
boat.  Other  aspects  of  the  man  overboard  situation  which  do 
not  involve  the  rescue  boat,  for  example  the  circumstances  which 
caused  the  man  to  enter  the  water  or  his  medical  treatment  after 
rescue,  have  not  been  modeled. 

The  Man  Overboard  Profile  is  described  using  a conventional 
block  diagram  format;  this  diagram  forms  the  basis  for  a com- 
puter simulation.  The  diagram  is  consequently  referred  to  as 
the  Man  Overboard  Computer  Simulation  Model  (MOBCSM) . 


4.1.1  Measure  of  Performance 

The  central  measure  of  performance  of  the  rescue  system  in  the 
(MOBCSM)  model  is  whether  the  rescue  effort  is  applied  to  the 
man  in  the  water  before  he  expires.  The  physical  ability  of 
the  system  to  actually  perform  the  rescue  is,  of  course,  also 
modeled.  In  each  simulation,  determining  whether  the  rescue 
effort  is  successful  or  not  is  made  by  comparing  the  simulated 
survival  time  of  the  man  in  the  water  with  the  simulated  time 
for  the  rescue  boat  to  arrive  at  the  man's  position  in  the 
water.  The  MOBCSM  model  is  therefore  composed  of  two  sets  of 
, routines:  one  set  to  determine  the  man  overboard's  survival 

f time  and  another  to  determine  the  rescue  system's  performance 

<f  time. 


4.1.2  Two  Distinct  MOB  Situations 

Consideration  of  the  man  overboard  (MOB)  problem,  including  a 
study  of  man  overboard  case  histories,  reveals  that  the  tasks 
which  a rescue  system  is  called  upon  to  perform  in  a man  over- 
board situation  fall  into  two  categories  depending  upon  whether 
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NOMENCLATURE 


Symbol 


MAN  OVERBOARD  MODEL 
Description 


Tls 

Time 

Tm 

Time 

Tn 

Time 

Tt 

Time 

TSI 

Time 

‘'‘S2 

Time 

Thyp 

Time 

AT 

Time 

Trpt 

Time 

Tp 

Time 

Tl 

Time 

TsL 

Time 

Tslo 

Time 

ATsc 

Tmn 

Tmb 

Tr 

Tretb 

Vtus 

“HYP 

^HYP 

“HYP 

oHYP 


Increment  Of  Search  Time 

Time  To  Maneuver  Ship  To  HOB 

Time  To  Maneuver  Rescue  Boat  To  MOB 

Time  To  Retrieve  MOB  From  Water 

Time  For  Rescue  Boat  To  Return  To  Ship 

Ratio  Time  To  Miss  MOB  to  Time  Last  Seen 

Max.  Time  to  Die  From  Hypothermia 

Min.  Time  To  Die  From  Hypothermia 

Mean  Time  To  Die  From  Hypothermia 

STD,  DEV.  Of  Time  To  Die  From  Hypothermia 


15-A 


' 1 

4 

Description 

Time  Of  Year 
Significant  Wave  Height 
Water  Temperature 
Mean  Water  Temperature 
Ship  Length  Feet 

Ship  Speed  At  Time  Bridge  Notified  of  MOB 
Mean  Significant  Wave  Height 
STD.  DEV.  of  Wave  Height 
Mode  of  Wave  Heights  in  Mid-Summer 
Mode  of  Wave  Heights  in  Mid-Winter 
Navigational  Error 

Lateral  Navigational  Error/Ship  Length 
Angular  Navigational  Error 
Distance  of  Visability  From  Ship 
Distance  of  Environmental  Visibility 
No,.  Of  Opportunities  For  Ship  To  Pass  MOB  Before  He  Dies 
No,.  Of  Times  Ship  Has  Passed  MOB  Without  Sighting  Him. 

Mean  Time  to  Prepare  Boat  For  Launch 
STD  DEV.  Of  Time  To  Prepare  Boat  For  Launch 
MAX.  Wave  Height  That  Rescue  Boat  Can  Be  Launched. 

Mean  Time  To  Launch  Rescue  Boat 
STD.  DEV.  Of  Time  To  Launch  Rescue  Boat 
MAX.  Ship  Speed  That  Rescue  Boat  Can  Be  Launched 


Symbol 


Description 


Probability  man  is  seen  falling  overboard. 

Probability  that  man  who  is  seen  falling  overboard  is  wearing  a 
PFO. 


Probability  that  man  who  is  not  seen  falling  overboard  is  wear 
ing  a PFD. 


Probability  that  man  who  was  seen  falling  overboard  and  is  not 
wearing  a PFD  actually  receives  floatation  thrown  to  him. 

Probability  that  ship  is  in  restricted  waters  or  is  otherwise 
prevented  from  returning  to  the  man  in  the  water. 

Probability  that,  given  the  rescue  boat's  characteristics,  it 
would  be  used  as  the  primary  vehicle  to  search  for  the  MOB. 


Probability  that  when  ship  returns  on  second  or  succeeding  passes 
to  MOB'S  true  position  that  he  is  seen  (if  he  is,  in  fact,  still 
afloat). 

Probability  that  MOB  who  was  seen  falling  overboard  is  in  sight 
when  rescue  boat  returns  to  man's  presumed  position  (when  ship 
is  restricted  from  returning  to  man's  position). 

Probability  that  attempt  will  be  made  to  recover  the  MOB  from 
the  water  directly  onto  the  ship. 

Probability  that  recovery  of  HOB  from  the  water  directly  on  the 
ship  is  successful. 

Probability  that  man  who  was  seen  falling  overboard  is  still  in 
sight  when  ship  completes  maneuver  to  return  to  him. 

Probability  that  recovered  MOB  and  rescue  boat  crew  will  be  trans- 
ferred from  boat  to  ship  while  boat  is  still  in  water. 

Probability  that  attempt  to  remove  recovered  MOB  from  boat  to  ship 
is  successful. 


Probability  that  attempt  to  recover  rescue  boat 
crew  in  it,  back  aboard  the  ship  is  successful. 


the  man  was  or  was  not  seen  falling  overboard.  If  he  was  not 
seen  falling  overboard,  the  ship  and/or  the  rescue  boat  must 
first  search  for  the  man  and  then  go  to  his  rescue.  If  the  man 
was  seen  going  overboard,  the  task  is  reduced  to  either  rescuing 
Che  man  or,  if  he  is  subsequently  lost  sight  of,  searching  for 
the  MOB  in  a predefined  area.  It  was  found  convenient  in  con- 
structing the  MOBCSM  to  separate  these  two  situations,  i.e. 
either  seen  entering  the  water  or  not,  into  two  alternative  paths. 
Each  path  simulates  both  the  man's  survival  time  and  the  rescue 
system's  performance  time. 

4.1.3  Overview  of  the  Model 

Figure  4-1  shows  an  overview  of  the  MOBCSM  model.  For  each  simu- 
lated fall  overboard,  whether  the  fall  was  seen  or  not  it  is  modeled 
according  to  a probability  based  upon  facts  gathered  from  man 
overboard  case  histories.  If  the  man  is  not  seen  entering  the 
water,  then  there  are  three  possibilities:  either  the  ship,  the 
rescue  boat,  or  both  return  to  search  for  the  man.  If  the  man 
is  seen  entering  the  water  either  the  ship  or  the  rescue  boat 
returns  to  the  man.  Each  of  these  five  possibilities  involves 
a different  sequence  of  events  and  result  in  different  rescue 
times  depending  upon  the  ship's  and  rescue  boat's  characteristics. 
They  are  therefore  modeled  in  the  MOBCSM  with  separate  alternate 
paths.  Finally,  provisions  are  built  into  the  model  for  recover- 
ing the  MOB  depending  upon  whether  the  ship  or  the  rescue  boat 
returned  to  the  man  in  the  water  and  upon  the  ship's  character- 
istics . 

As  each  man  overboard  incident  is  simulated,  a simulated  survival 
time  is  generated  from  the  appropriate  statistical  distribution 
imbedded  in  the  program.  At  any  point  along  the  sequence  of  events 
path  taken  in  the  particular  simulation,  if  the  accumulated  time 
exceeds  the  survival  time  before  the  man  is  successfully  res- 
cued, a loss  of  life  is  recorded.  A saved  life  is  only  recorded 
if  a successful  simulated  rescue  is  accomplished  in  shorter  time 
than  the  simulated  survival  time  for  the  individual. 
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TABLE  I:  STANDARD  SHIP  CHARACTERISTICS 
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The  MOBCSM  model  Is  designed  to  conduct  the  desired  number  of 
simulations  of  man  overboards  from  a given  ship  type  equipped 
with  a specific  rescue  boat.  The  program  has  established  within 
it  a set  of  cha r c t e r is t ic s (relevant  to  the  man  overboard  situ- 
ation) for  a typical  ship  of  the  type  specified.  These  charac- 
teristics, as  they  are  established  in  the  MOBCSM,  are  listed 
in  Table  1.  The  option  exists  for  modifying  values  of  ship 
length,  speed,  and  navigational  heading  error  if  desired.  The 
rescue  boat  under  study  is  defined  by  specifying  the  values  of 


TABLE  II 

RESCUE  BOAT  CHARACTERISTICS 
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Boat  speed  in  smooth  water  (knots) 

Boat  speed  in  8 ft.  waves  (knots) 

Freeboard  ( f eet ) 

Percent  of  gunwale  that  is  open  (%) 

Height  of  lookout's  eye  (feet) 

Mean  time  to  prepare  boat  to  launch  (min.) 

Number  of  falls 

Rated  descent  speed  (feet/min.) 

Max.  ship  speed  that  boat  can  be  launched  (knots) 

Max.  wave  height  that  boat  can  be  launched  (feet) 

Probability  that  captain  would  use  boat  to  search 
for  MOB 

Time  to  perform  standard  maneuver  (min.) 

Enduranc’  hours 


the  13  rescue  boat  characteristics  listed  in  Table  II.  Each 
of  these  characteristics  is  discussed  in  detail  below. 

4.1.4  Environmental  Conditions 

Throughout  the  model,  characterization  of  various  events,  e.g., 
the  launch  of  the  rescue  boat,  depends  upon  environmental  condi- 
tions, e.g.,  the  sea  state.  The  environmental  conditions  are 
simulated  for  each  man  overboard  case  by  using  the  appropriate 
parameters  of  the  environmental  conditions  characteristic  of 
each  ship  type  and  the  waters  in  which  they  typically  operate. 
Thus,  the  simulated  environmental  conditions  for  tugs  and  fish- 
boats  are  characteristic  of  the  coastal  waters  where  they  typical- 
ly operate  whereas  the  environmental  conditions  for  tankers  and 
cargo  ships  are  typical  of  transoceanic  trade  routes.  Environ- 
mental conditions  simulated  include  sea  state  (represented  by 
significant  wave  height),  water  temperature,  and  visibility. 

Sea  State 

Wave  distributions  at  sea  have  been  shown  by  Jasper  (reference 
2)  to  conform  to  the  Rayleigh  distribution.  The  Rayleigh  dis- 
tribution can  be  fully  defined  by  a single  parameter:  the  mode 
(see  reference  1).  Wave  height  distributions  for  the  Important 
maritime  operatitig  areas  of  the  world  are  given  in  Ocean  Wave 
Statistics,  reference  3,  by  season  of  the  year.  The  mode  of 
the  mid-summer  and  mid-winter  wave  heights,  Og  and  respec- 

tively, were  taken  from  this  publication  for  typical  operating 
areas  for  each  ship  type.  The  time  of  year,  TOY,  is  modeled 
using  a uniform  distribution  between  0 and  1 where  0 denotes 
mid-summer  and  1 denotes  mid-winter  (whether  fall  or  spring 
is  assumed  inconsequential).  The  mode  of  the  wave  height, 
oj,,,,  is  then  obtained  from  the  relation: 

ohw  “ Og (l-TOY)+awTOY 

under  the  assumption  that  a linear  trend  of  wave  heights  exists 
between  mid-summer  and  mid-winter. 
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Water  Temperature 

A similar  correlation  of  sea-water  temperature  with  geographical 
location  and  time  of  year  was  not  available.  Some  such  consistent 
correlation  is  obviously  needed  if  the  model  is  to  avoid  simu- 
lating summer-type  water  temperatures  at  the  same  time  as  winter- 
type  sea  states.  The  model  was  therefore  constructed  with  a 
similar  routine  (to  that  for  wave  height)  for  simulating  water 
temperature.  The  water  temperature  is  modeled  using  a normal 
distribution,  the  mean  of  which  is  obtained  from 

Wt  = 

where 

is  the  mean  mid-winter  water  temperature  appropriate  for 
typical  operating  areas  for  the  ship  type,  and 
uts  mid-summer  water  temperature  appropriate  for  typi- 

cal operating  areas  for  the  ship  type. 

In  the  absence  of  more  specific  data,  the  mean  mid-summer  and 
mid-winter  temperatures  were  assumed  the  same  for  all  ship  types 
except  Great  Lakes  (fresh  water)  vessels.  The  mean  mid-summer 
temperature  assumed  is  70oF  and  the  mean  mid-winter  temperature 
is  380F.  Further  assumptions  include:  1)  a standard  deviation 
of  IQOF,  2)  a minimum  temperature  of  28°F  (the  freezing  temper- 
ature of  salt  water)  and  3)  a maximum  temperature  of  80°F.  For 
Great  Lakes  vessels,  the  mean  mid-summer  and  mid-winter  temper- 
atures assumed  were  60°F  and  A2°F,  respectively. 

Visibility 

The  third  environmental  characteristic  modeled  is  the  range  of 
visibility.  This  was  assumed  to  vary  according  to  a Rayleigh 
distribution  with  a mode  of  5 miles  for  all  ship  types  and  times 
of  the  year.  Since  it  is  assumed  in  the  model  that  the  absolute 
range  of  visibility  to  a man's  head  floating  in  the  water  is  one 
half  mile,  the  distribution  of  range  of  visibility  beyond  this 
limit  is  of  no  consequence.  (The  present  version  of  the  model 
does  not  consider  visibility  enhancement  devices  that  a man 
overboard  might  have  available,  although  such  a feature  could 


2 


certainly  be  added  to  test  the  effect  these  might  have  on  the 
survival  rate . ) 

4.1.5  Detailed  Description  of  MOBCSM 

The  complete  MOBCSM  model  Is  shown  In  block  diagram  form  In 
Figure  4-2.  The  MOBCSM  Is  divided  Into  three  sections: 

1)  a "survival  In  the  water"  section  which  models  the 
mob's  situation  and  simulates  the  maximum  time  avail- 
able for  rescue,  l.e.  the  MOB's  maximum  survival 
time  In  the  water, 

2)  a "shipboard  action"  section  which  models  the  actions 
taken  on  the  ship  In  returning  to  the  man,  searching 
for  him,  and  dispatching  the  rescue  boat,  and 

3)  a "rescue  boat"  section  which  models  the  actions  of 
the  rescue  boat  In  Its  attempt  to  retrieve  the  MOB 
from  the  water. 

The  first  event  in  the  scenario  Is,  of  course,  that  of  the  man 
overboard  (MOB)  entering  the  water.  The  probability  of  being 
seen  entering  the  water  Is  next  modeled;  this  probability,  Pj^, 

Is  based  on  an  analysis  of  266  man  overboard  Incidents  as  re- 
ported In  Table  47  of  reference  4.  That  analysis  showed  that 
the  MOB  was  seen  entering  the  water  In  63%  of  the  cases. 

Whether  the  MOB  was  seen  entering  the  water  or  not,  his  time  of 
survival  Is  assumed  to  depend  on:  1)  whether  he  has  floatation 
and  2)  the  water  temperature.  The  time  of  survival  is  assumed 
to  be  the  shorter  of  the  following: 

' 1)  the  time  the  MOB  Is  able  to  remain  afloat,  or 

2)  the  time  the  MOB  is  able  to  survive  the  effects  of 

hypothermia  (l.e.  the  lowering  of  the  body  core  temper- 
ature due  to  heat  loss). 

Medical  research  has  provided  relatively  good  data  on  the  average 
time  that  humans  can  survive  In  cold  water  of  various  temperatures 
The  life  expectancy  In  cold  water  incorporated  In  the  MOBCSM 
model  is  based  on  the  data  presented  In  Figure  1 of  reference  5. 

It  is  assumed  that  the  life  expectancy  at  a given  water  temper- 
ature Is  normally  distributed  with  the  width  of  the  band  marked 
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"marginal"  in  Figure  1,  reference  5 equal  to  to  6.67o  where  a 
represents  the  standard  deviation.  To  adapt  these  data  for 
use  in  the  .MOBCSM  model,  the  upper  and  lower  bounds  of  the 
"marginal"  region  in  Figure  1,  reference  5 were  fitted  with 
the  following  equations: 

“hyp  “ t„(0.000059tw2-0.101)+2.25 

^Hyp  “ t„(0.0000081t„2+o.0024)-0.1 

where 
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Uhyp  = 0 . 5(aHYP  + '-HYp) 

and 

°HYP  * ® • 25  (u  HYP"®^HYP) 

where 

^HYP  mean  time  to  die  from  hypothermia,  hours 

OhyP  standard  deviation  of  the  time  to  die  from 

hypothermia,  hours. 


The  available  statistics  on  the  time  to  remain  afloat,  with  or 
without  floatation  and  exclusive  of  hypothermia  effects,  are 
much  less  well  developed.  Seldom  is  the  length  of  time  in  the 
water  known  for  a person  who  ultimately  drowns.  Such  statistics 
that  are  available  are  undoubtedly  biased  toward  the  more  pessi- 
mistic times  reported  in  the  fatalities.  Similarly,  statistics 
on  how  long  persons  who  were  rescued  remained  afloat  are  also 
biased  toward  shorter  times  since  they  do  not  indicate  how  much 
longer  the  person  might  have  remained  afloat. 

Figure  6 of  reference  4 gives  some  data  on  the  time  to  drown 
that  was  available  from  34  of  266  man  overboard  incidents  studied. 
The  data  shows  an  average  time  to  drown  of  3.73  minutes  and  an 
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average  time  for  retrieval  for  those  saved  of  5.43  minutes. 
These  values  must  be  considered  to  be  biased  toward  the  low 
side  for  the  reasons  just  given.  In  addition,  another  major 
bias  is  due  to  the  fact  that  this  data  is  based  on  official 
U.S.  Coast  Guard  casualty  reports.  Reporting  of  successful 
rescues  of  man  overboards  is  not  required  (where  significant 
injury  has  not  also  occurred).  Presumably  there  have  been 
many  rescues  of  people  who  fell  overboard;  the  fact  that  these 
rescues  were  successful  can  be  assumed  to  be,  in  part,  due  to 
the  ability  of  the  survivors  to  remain  afloat  for  sufficient 
t ime  . 


A further  difficulty  in  deriving  conclusions  and/or  useful 
statistical  parameters  from  data,  such  as  given  in  reference  4, 
is  the  inter-relationship  between  being  seen  entering  the  water 
and  having  floatation.  The  statistics  of  reference  4 show  that 
a person  who  is  seen  falling  overboard  is  four  times  more  likely 
to  be  wearing  a PFD  than  persons  not  seen  falling  overboard. 

The  logical  explanation  for  this  is  that  the  person  was  wearing 
the  PFD  because  of  a hazardous  activity  and/or  adverse  conditions 
and  that  he  would  not  be  performing  his  activities  alone  for 
the  same  reasons.  Thus  a person  who  is  wearing  a PFD  is  more 
likely  to  be  rescued  not  only  because  he  can  remain  afloat  longer 
but  also  because  the  rescue  attempt  is  likely  to  be  carried  out 
more  rapidly. 

Clearly,  no  compilation  of  casualty  statistics  can  provide  the 
parameters  to  define  the  distribution  of  time  to  remain  afloat 
with  and  without  floatation.  Since  such  data  is  known  to  be 
biased  toward  the  low  side,  it  can  be  used  as  a lower  limit  in 
using  Judgement  to  assign  reasonable  values  to  these  parameters. 
The  tentative  values  used  in  the  MOBCSM  model,  to  date,  have 
been  a "mean"  time  to  stay  afloat  of  10  minutes  without  floata- 
tion and  30  minutes  with  floatation.  The  survival  times  are 
assumed  to  have  a Rayleigh  distribution  with  a mode  of  10  and 
30  minutes  respectively.  The  word  "mean"  consequently,  actually 

24 


r 


I 


r 


) 


an  average  time  to  drown  of  3.75  minutes.  This  was  the  average 
of  cases  with  and  without  floatation  and  presumably  also  Included 
hypothermia  deaths.  Since  this  was  based  upon  a total  of  236 
drownlngs  of  which  209  did  not  have  floatation,  the  average  must 
be  considered  to  be  representative  of  persons  without  floatation.  j 

In  the  absence  of  better  Information,  CASDE  personnel  picked  a 
value  of  30  minutes,  which  is  8 times  the  tabulated  average  survi- 
val time,  as  the  mean  time  of  survival  with  floatation,  fully 
recognizing  that  the  Intended  capability  of  personal  floatation 
devices  Is  to  keep  people  afloat  and  alive  for  much  longer  periods. 

I 
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The  second  event  modeled  is  whether  the  MOB  is  wearing  a PFD  or 
not.  The  probabilities  of  wearing  a PFD  if  he  was  seen  falling 
overboard,  P2.  or  if  he  was  not  seen  falling  overboard,  P3,  are 
taken  from  the  data  mentioned  above  in  reference  4.  The  values 
used  are  0.12  and  0.03,  respectively.  In  the  case  of  being  seen, 
the  model  also  simulates  the  probability  of  being  thrown,  and 
actually  getting,  a lifering  (or  some  other  floatation),  P4. 

The  probability  of  this,  also  based  on  reference  4,  is  set  at 
0.26.  The  model  disregards  the  possibility  of  a MOB  being  thrown 
a lifering  if  he  was  not  seen  falling  overboard  even  though  the 
data  shows  cases  where  the  MOB  is  eventually  missed,  searched 
for  and  finally  found  and  then  is  thrown  a lifering.  The  sur- 
vival time,  Tg,  is  then  determined,  as  previously  mentioned,  as 
the  lesser  of  the  time  to  die  from  hypothermia,  Tj^yp  or  the 
time  to  stay  afloat  with  floatation,  Tg^^,  or  without  floatation, 
Tg2»  as  appropriate. 

In  the  cases  where  the  man  is  seen  falling  overboard,  the  next 
event  is  that  of  the  bridge  being  notified.  It  is  assumed  that 
the  time  to  notify  the  bridge,  Tj^ , is  normally  distributed  with 
a mean  time  of  one  minute,  a standard  deviation  of  0.5  minutes, 
a minimum  of  zero  (which  corresponds  to  the  mate  on  watch  seeing 
the  man  fall  overboard),  and  a maximum  of  2 minutes. 

In  the  cases  where  the  man  was  not  seen  falling  overboard,  noti- 
fication of  the  bridge  takes  place  only  after  the  MOB  Is  dis- 
covered missing.  Determination  of  the  time  Interval  for  the  MOB 
to  be  missed,  Tj^,  is  based  on  a number  of  assumptions  since 
statistical  data  to  fix  such  numbers  are  not  available  in  casualty 
records.  Data  on  the  time  since  the  man  was  last  seen  until 
he  was  noticed  missing,  however,  is  frequently  reported. 

The  key  assumptions  made  in  fixing  the  time  Interval  T„  are  as 
follows : 
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1)  a person  not  seen  for  a threshold  period,  say  15 
minutes,  will  not  be  suspected  of  having  fallen  over- 
board , 

2)  all  people  on  board  (POB)  are  presumed  to  Interact 
with  someone  else  at  least  every  eight  (8)  hours, 

3)  more  typically,  each  POB  Is  presumed  to  be  reason- 
ably active  about  the  ship,  either  engaged  In  work  or 
In  social  activities,  so  that  he  will  normal ly  Interact 
with  others  on  a more  frequent  basis,  say  at  least 
once  an  hour,  and 

4)  It  is  equally  probable  for  a POB  to  fall  overboard 
at  anytime  since  last  being  seen. 

Based  on  these  considerations  the  time  to  be  last  seen,  Is 

hypothesized  as  a Rayleigh  distribution  with  a mode  of  45  minutes, 
a m.  imum  time  of  15  minutes,  and  a maximum  time  of  eight  hours. 
This  presumed  distribution  has  been  compared  with  statistics 
obtained  from  U.S. C.G.  casualty  records  and  a reasonable  veri- 
fication obtained. 

The  time  to  be  missed,  Tm,  is  then  obtained  from  the  following 
expression : 

Tm  = (Tm/Tls)Tls 

where  the  ratio  Tji^/T^g  Is  postulated  to  be  uniformly  distributed 
between  0 and  1 . 

The  casualty  profile  continues  to  evolve  once  the  bridge  is 
notified  that  a person  has  fallen  overboard;  at  this  time  two 
actions  are  taken:  1)  the  "man  overboard"  alarm  is  sounded 
(assumed  to  take  zero  time)  and  2)  the  ship  begins  to  be 
maneuvered  to  recover  the  man.  Two  options  for  the  ship  are 
postulated  in  performing  this  maneuver:  either  the  ship  turns 
(commonly  in  a Williamson  turn)  or  it  stops. 

If  the  ship  is  in  restricted  waters  (such  as  a narrow  channel 
or  river)  or  is  otherwise  restricted  from  turning  (such  as  a 
tug  with  tow),  the  vessel  may  have  no  recourse  but  to  stop  and 
depend  upon  the  rescue  boat  to  return  to  the  MOB.  The  MOBCSM 
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provides  for  this  possibility  by  simulating  a turn  or  stop  ac- 
cording to  the  probability  that  the  "ship  is  in  restricted  waters 
or  is  otherwise  restricted  from  turning",  P5.  The  value  of  P5 
is  preassigned  depending  upon  the  ship  type  under  consideration. 
Thus,  an  oceangoing  ship  like  a tanker  has  a P5  value  of  0.05 
but  a tug  which  is  considered  to  be  towing  half  the  time  has  a 
P5  value  of  0.50. 

In  the  cases  where  the  ship  is  required  to  stop  rather  than  turn, 
the  next  event  in  the  sequence  is  the  slowing  of  the  ship  to  the 
maximum  speed  at  which  the  rescue  boat  can  be  launched,  This 

speed  is  a characteristic  of  the  rescue  boat  and  its  launching 
system.  Good  seamanship  calls  for  the  vessel  to  have  some  way 
on  (a  knot  or  two)  when  launching  a conventional  lifeboat  but 
the  speed  cannot  be  much  over  three  or  four  knots.  Thus,  even 
though  a boat  might  be  manned  and  made  ready  for  launch  in  a 
very  fast  time,  if  the  ship  takes  a long  time  to  slow  to  the 
maximum  rescue  boat  launch  speed  Vl,  the  launch  of  the  boat  will 
be  delayed.  Therefore,  a high  value  of  Vj^  as  a rescue  boat 
characteristic  could  be  a determinant  of  good  rescue  performance 
on  massive  ships  like  tankers. 

Many  previous  research  studies,  such  as  reference  6,  have  shown 
that  the  ship  deceleration  rate  is  reasonably  linear.  Therefore, 
the  time  for  the  ship  to  slow  to  knots,  Tg^,  is  calculated 
using  the  expression  below: 

Vc  -Vt 

Tsl  = • Tslo 


where 


Vg  is  the  speed  of  the  ship  when  the  bridge  is  notified  and 

TgLo  is  the  time  for  the  ship  to  stop  from  Vg  knots. 

The  time  for  the  ship  to  stop  from  Vg  knots  is  calculated  according 

to  the  method  given  in  section  15.3,  chapter  VIII  of  reference  7 
where  the  appropriate  characteristics  of  each  ship  type  are  used. 

In  the  cases  where  the  ship  is  required  to  return  to  the  MOB, 
a Williamson  turn  is  assumed  and  the  corresponding  time  duration 


modeled.  A Williamson  turn  is  postulated  because  this  is  the 
standard  procedure  on  many,  if  not  most,  vessels.  If  the  man 
overboard  is  not  in  sight,  the  Williamson  turn  is  the  correct 
maneuver  because  it  will  bring  the  ship  back  to  its  original 
path.  If,  on  the  other  hand,  the  bridge  has  the  man  in  sight, 
it  has  the  option  of  terminating  the  Williamson  turn  and 
continuing  around  in  a steady  circle  toward  the  man.  This  has 
the  advantage  (over  the  Williamson  turn),  of  getting  to  the  man 
faster  and  of  always  being  closer  to  him  (and  therefore  less 
chance  of  losing  sight  of  him  and  a shorter  distance  for  the 
rescue  boat  at  any  point  in  time). 

The  time  to  make  a Williamson  turn,  T , has  been  computed  for 
each  ship  type  according  to  the  data  given  in  section  12.6, 
chapter  VIII  of  reference  7 for  appropriate  characteristics 
of  the  ship  representing  each  ship  type. 

It  should  be  noted  that  when  the  ship  has  the  option  to  turn  or 
stop  it  is  always  better  to  turn  because  even  if  it  is  desired 
to  slow  to  launch  a rescue  boat,  a ship  will  slow  at  a faster 
rate  while  it  is  turning  than  if  it  does  not. 

Given  the  current  capabilities  of  rescue  (or  life)  boats,  it 
is  the  usual  practice  in  a man  overboard  situation  to  hold  the 
rescue  boat  in  a ready  to  launch  condition  until  the  ship  comes 
as  close  as  it  can  to  the  man.  Furthermore,  it  is  considered 
safer  and  more  expedient  on  small  vessels  with  low  freeboard 
and  good  maneuve r a v 1 1 1 t y to  recover  the  man  directly  from  the 
ship.  In  cases  where  the  rescue  boat  possesses  exceptional 
capability,  however,  it  might  be  preferrable  to  always  launch 
this  boat  as  soon  as  possible  after  a man  has  fallen  overboard. 
Under  these  conditions  both  the  ship  and  rescue  boat  would  pro- 
ceed to  the  man's  assistance.  The  MOBCSM  provides  the  capability 
to  study  such  a boat  and  the  policy  for  its  use.  This  is  ac- 
complished in  the  simulation  by  setting  the  probability,  P5,  to 
either  1.0  or  0.0  depending  upon  whether  the  simulation  program 
operator  wants  to  allow  both  the  boat  and  ship  searching  for  the 
MOB  or  the  conventional  way  with  only  the  ship  searching. 


In  the  cases  where  the  man  was  seen  falling  overboard,  it  is  as- 
sumed that  the  ship  returns  at  the  same  speed  at  which  it  was 
being  held  prior  to  the  man  falling  overboard.  Consequently, 
the  time  period  for  the  ship  to  return  to  the  MOB ' s position 
(after  completion  of  the  Williamson  turn),  is  equivalent 

to  Tfj , the  interval  from  the  time  the  man  was  seen  falling  over- 
board to  the  time  when  the  bridge  was  notified. 

There  is  some  probability,  1-P12»  that  the  ship  is  not  able  to 
locate  the  MOB  when  It  returns  to  the  man's  expected  position 
even  though  he  may  still  be  alive  and  afloat.  This  could  be 
due  to  environmental  factors  such  as  sea  state,  fog,  etc.  or  to 
an  error  on  the  part  of  the  ship  In  returning  to  its  previous 
path.  It  Is  difficult  to  determine  a value  for  P\2  casualty 

records  since  the  reasons  why  the  MOB  was  not  seen  when  the 
ship  returned  to  the  MOB's  expected  position  are  unknown.  Never- 
theless, the  simulation  model  uses  a fairly  high  value  of  0.90 
for  Pi2'  for  the  other  10%  of  the  times  when  the  man  has  been 
lost  from  sight,  the  model  simulates  a back  and  forth  type  search 
in  the  same  general  area  with  the  same  probability  of  finding 
the  man,  Pi2*  each  increment  of  search  time,  ATg^;,  (postu- 

lated as  1 minute)  provided,  of  course,  that  the  man  is  still 
alive  and  afloat. 

In  the  simulation  the  search  is  effectively  terminated  as  soon 
as  the  mob's  survival  time  has  been  exceeded  in  which  case  the 
simulation  is  credited  with  one  "MOB  lost".  Note  that  in  the 
real  world  this  wouldn't  happen  since  the  personnel  on  board 
the  ship  could  continue  the  search  long  after  the  MOB  had  expired 
since  they  would  not  have  any  way  of  determining  that  fact. 

Whenever  the  ship  returns  to  the  MOB's  position  and  the  MOB  is 
in  sight,  the  next  event  in  the  scenario  is  to  determine  whether 
the  recovery  is  to  be  from  the  ship  or  the  rescue  boat.  The 
probability  that  the  recovery  will  be  made  from  the  ship,  Pjo* 
is  assumed  to  be  a function  of  the  ship  type.  The  value  of  P^q 
for  example,  is  higher  for  a flshboat  or  tug  (Piq”  0*50)  than 
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for  a tanker  or  container  ship  (Piq  “ 0.05).  This  is  necessary 
to  give  proper  weight  to  the  importance  of  a rescue  boat  on  a 
particular  type  of  vessel.  If  the  simulation  calls  for  the  re- 
covery to  be  made  from  the  ship,  the  probability,  determines 

whether  the  recovery  is  successful  (the  MOB  is  saved)  or  not 
(the  MOB  is  lost).  If  the  recovery  is  to  be  attempted  with  the 
rescue  boat,  then  the  next  event  in  the  scenario  is  to  launch 
the  rescue  boat. 

The  scenario,  as  depicted  in  the  MOBCSM,  models  the  action  of 
the  rescue  boat  crew  in  reporting  to  the  boat  after  the  "man 
overboard"  alarm  has  been  sounded  and  determines  the  time,  Tj^pj, 
that  it  takes  them  to  get  there.  It  has  been  assumed  that  the 
rescue  boat  crew  are  not  on  standby,  as  they  would  be,  for  example 
on  an  aircraft  carrier;  consequently,  the  MOBCSM  model  assumes 
that  the  time  for  the  crew  to  report  to  the  rescue  boat  is  nor- 
mally distributed  with  a mean  time  of  1.0  minutes,  a standard 
deviation  of  0.5  minutes  and  a minimum  time  of  zero  minutes. 

Upon  arrival  at  the  boat,  the  rescue  boat  crew  must  prepare  it 
for  launch.  They  must  perform  various  tasks,  depending  upon 
the  design  of  the  boat  and  its  launching  apparatus;  for  the  con- 
ventional boat  for  example,  these  tasks  Include  removing  the 
boat  cover,  releasing  gripes,  swinging  the  davits  out,  and  start- 
ing the  engine.  The  MOBCSM  model  considers  the  total  time  re- 
quired to  perform  these  preparatory  functions  as  an  important 
rescue  boat  characteristic,  Tp,  and  has  the  capability  to  model 
particular  features  extolled  by  the  various  survival  craft  manu- 
facturers for  reducing  the  preparatory  time  to  launch.  The 
rescue  boat's  time  to  prepare  is  assumed  to  be  distributed  nor- 
mally with  a standard  deviation  of  half  the  mean,  a minimum  of 
zero  minutes,  and  a mean  of  U'pp;  the  mean  time  is  considered 
a characteristic  of  the  boat  and  the  launching  system  to  be 
studied. 

Finally,  the  Captain  of  the  vessel  may  elect  not  to  risk  the 
rescue  boat  and  its  crew  If  the  environmental  conditions  are 


considered  too  severe  for  the  boat  (and  Its  launching  system). 
Clearly,  this  is  a subjective  judgement  based  upon  the  Captain's 
understanding  of  the  rescue  boat's  characteristics  in  the  various 
sea  states.  No  attempt  has  been  make  to  model  this  subjectivity. 
Instead  the  decision  to  launch  the  rescue  boat  in  particular 
environmental  conditions  has,  in  essence,  been  assumed  to  be  a 
function  of  the  rescue  boat  alone.  For  this  purpose  the  MOBCSM 
considers  the  "sea  state  capability"  of  the  rescue  boat  as  the 
maximum  significant  wave  height*  in  which  the  average  captain 
would  be  willing  to  risk  launching  the  rescue  boat  either  be- 
cause of  its  probability  to  be  successfully  launched  or  its 
ability  to  survive  and  perform  its  mission  in  that  sea  state. 

This  characteristic  is  designated  It  Is  recognized  that 

this  may  be  too  simplistic  a measure  of  rescue  boat  seakeeping 
capability  since  the  spectrum  of  the  sea  state  obviously  plays 
a part;  e.g.,  sea  states  with  the  same  significant  wave  height 
but  composed  of  swells  in  one  case  and  new  wind  generated  waves 
in  another  can  have  significantly  different  effects  on  small 
boat  performance.  Nevertheless  the  simplifications  and  assump- 
tions made  are  considered  appropriate  for  a first  generation 
model  and  for  the  general  state-of-the-art  in  defining  rescue 
boat  performance.  The  boat  will  not  be  launched,  therefore, 
unless  the  simulated  significant  wave  height,  hy,  is  less  than 
the  sea  state  capability  of  the  rescue  boat,  boat 

cannot  be  launched  before  Tj^p-p  and  Tp. 

In  the  cases  where  the  ship  cannot  (or  elects  not  to)  turn,  and 
the  man  is  seen  falling  overboard,  then  the  rescue  boat  is 
launched  as  soon  as  the  ship  has  slowed  to  knots  and  the  boat 
has  been  prepared  for  launch.  The  time  duration  to  launch  the 
rescue  boat  is  determined  using  the  height  of  the  boat's 


* Significant  wave  height  is  defined  as  the  average  of  the  one- 
third  highest  waves  which  is  also  the  wave  height  that  an  ob- 
server would  be  likely  to  estimate. 
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stowage  above  the  water  (assumed  as  the  vessel's  freeboard  (FB)  , 
a ship  characteristic,  plus  fifteen  feet)  divided  by  the  descent 
speed  of  the  falls  (Sq);  the  time  to  release  the  falls  is  assumed 
to  be  0.5  minutes.  Survival  craft  manufacturers  promote  faster 
descent  speeds  as  determinants  of  performance;  therefore  the 
MOBCSM  model  provides  the  capability  to  test  the  effect  of  this 
parameter  on  overall  survival  rate;  free-fall  boats  can  be  evalu- 
ated as  well  as  single-fall,  cradle  released  boats.  The  time  to 
launch  the  boat,  is  computed  using  the  following  expression: 


FB  + 15 


+ 0.5 


Once  launched,  the  rescue  boat  must  return  to  the  MOB's  position. 
The  time  it  takes  to  do  this,  Tj^gj,  is  modeled  as 


Tret  = <0-5Tsl+Tn)(^) 


since  the  distance  it  must  traverse  is  that  travelled  by  the  ship 
from  the  time  the  man  fell  overboard  until  the  ship  slowed  suf- 
ficiently for  the  boat  to  be  launched;  the  ratio  of  ship  speed 
to  that  of  the  boat's  is  intended  to  correct  for  the  different 
speed  of  the  rescue  boat. 

A probability  is  provided,  1-Pg,  to  account  for  the  cases  when 
the  MOB  is  not  in  sight  when  the  rescue  boat  arrives  in  the  general 
vicinity.  In  these  cases,  the  model  is  structured  such  that  the 
boat  will  perform  the  same  back-and-for th  search  routine  pre- 
viously discussed  for  the  ship.  If  the  man  is  found  alive  and 
afloat,  the  boat  recovery  procedure  described  in  later  paragraphs 
is  initiated. 

In  cases  where  the  man  is  not  seen  falling  overboard,  the  ship 
personnel  must  estimate  the  MOB's  location  and  proceed  to  search 
that  area.  The  ship  personnel  can  only  surmise  that  the  man 
fell  overboard  somewhere  along  the  ship's  track  between  the  time 
he  was  last  seen  and  the  time  he  was  found  missing.  In  normal 
practice,  the  ship  will  be  returned  to  the  area  where  the  MOB 
was  discovered  missing.  The  MOBCSM  accounts  for  the  possibility 
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that  the  ship,  in  completing  a Williamson  turn,  may  be  laterally 
displaced  from  its  previous  track  line  by  a lateral  error  of 
"aL"  where  "L"  Is  the  ship's  length  in  feet  and  "a"  Is  a normally 
distributed  constant  with  mean  of  0.0  and  a standard  deviation 
of  0.50.  The  model  also  accounts  for  a ship  heading  error  of 
0 degrees.  It  is  assumed  that  larger  ships,  through  a combina- 
tion of  better  navigational  equipment  and  expertise  and  better 
directional  stability  will  have  lower  heading  errors  than  smaller 
ships;  therefore,  0 is  considered  a ship  type  characteristic. 

Under  the  assumption  that  the  ship  searches  for  the  MOB  at  the 
same  speed  that  it  was  making  at  the  time  the  MOB  fell  over- 
board, the  total  lateral  error,  called  the  navigational  error, 

NE,  is  computed  using  the  following  expression: 

NE  = aL+1 . 770TMVg 

Since  it  is  of  no  consequence  to  the  outcome  of  the  simulation 
whether  the  lateral  error  is  to  port  or  starboard  of  the  MOB's 
position,  the  absolute  value  of  NE  is  used.  In  the  simulation 
an  option  is  provided  to  override  the  value  of  the  mean  heading 
error,  Uq,  assigned  for  a particular  ship  type  if,  for  example, 
it  is  desired  to  study  the  requirements  for  rescue  boats  on  ships 
equipped  with  sophisticated  navigation  systems.  The  navigational 
error,  0,  is  assumed  to  be  normally  distributed  with  a standard 
deviation  of  one  half  the  mean. 

If  a rescue  boat  had  exceptional  capabilities,  in  particular, 
if  its  speed  were  at  least  as  great  as  the  ship's,  it  might  im- 
prove the  chance  of  finding  and  recovering  the  MOB  if  the  boat 
were  launched  as  soon  as  the  man  was  discovered  missing  so  that 
both  the  ship  and  boat  were  to  conduct  independent  searches;  this 
capability  is  provided  in  the  simulation.  When  this  option  is 
used  two  parallel  paths  are  followed  through  the  model,  one  repre- 
senting the  search  by  the  rescue  boat  and  the  other,  the  search 
by  the  ship.  The  total  width  of  the  search  path  is  therefore 
the  combined  width  of  thj  paths  of  the  ship  and  rescue  boat. 

(The  width  of  a search  path  is  considered  to  be  twice  the  dis- 
tance of  visibility  from  the  vessel.) 
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It  Is  assumed  that  communication  between  the  ship  and  the  rescue 
boat  enables  the  boat  to  search  with  no  worse  a navigational 
error  than  that  of  the  ship's.  It  is  further  assumed  that  the 
MOB  is  found  when  the  ship  and/or  rescue  boat  are  in  the  vicinity 
and  the  distance  of  visibility,  dyig*  less  than  the  lateral 
navigational  error,  NE.  When  both  ship  and  boat  participate  in 
the  search  the  effective  distance  of  visibility  is  the  sum  of 
the  distances  of  visibility  from  each.  The  performance  of  the 
rescue  system  depends,  somewhat,  upon  which  of  the  two  craft 
actually  finds  the  MOB;  this  in  turn  depends  upon  the  speed  of 
each  vessel,  the  relative  distances  of  visibility,  and  whether 
the  lateral  arrangement  of  the  paths  placed  one  or  the  other 
closer  to  the  MOB.  The  interrelationship  of  the  last  two  factors 
would  be  cumbersome  to  model.  A reasonable  approximation,  con- 
sequently is  to  assign  to  both  a navigational  error,  NE,  of  half 
the  value  used  for  the  search  by  a single  vessel. 

In  the  cases  where  the  search  is  conducted  using  both  the  ship 
and  the  boat,  in  the  cases  where  only  the  boat  is  used,  the 
ship  is  assumed  to  slow  to  the  maximum  speed  at  which  the  boat 
can  be  safely  launched,  V^.  The  time  required  to  launch  the 
boat  is  the  greater  of  the  time  for  the  ship  to  slow  to  knots, 
Tsl»  o*'  fo*”  crew  to  report  to  the  boat  and  prepare  it  for 

launch,  Trpt  + Tp.  As  previously  discussed,  the  sea  state  must 
also  be  less  than  the  seaworthiness  index  of  the  boat  for  a 
successful  launch. 

If  the  search  is  to  be  conducted  using  both  the  ship  and  the 
boat,  or  using  only  the  ship,  then  the  modeling  assumes  a 
Williamson  turn  by  the  ship;  the  time  for  this  is  modeled  as 
Tjy.  The  modeling  of  the  ship  attempting  to  retrace  its  path, 
with  its  subsequent  navigational  error,  is  the  same  as  pre- 
viously described. 

The  scenario  further  assumes  that  the  ship  searches  the  entire 
distance  to  where  the  man  was  last  seen  on  board.  It  is  recog- 
nized that  a number  of  possibilities  exist  for  conducting  such 
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that  the  ship.  In  completing  a Williamson  turn,  may  be  laterally 
displaced  from  Its  previous  track  line  by  a lateral  error  of 
"aL"  where  "L"  Is  the  ship's  length  In  feet  and  "a"  Is  a normally 
distributed  constant  with  mean  of  0.0  and  a standard  deviation 
of  0.50.  The  model  also  accounts  for  a ship  heading  error  of 
0 degrees.  It  Is  assumed  that  larger  ships,  through  a combina- 
tion of  better  navigational  equipment  and  expertise  and  better 
directional  stability  will  have  lower  heading  errors  than  smaller 
ships;  therefore,  0 Is  considered  a ship  type  characteristic. 

Under  the  assumption  that  the  ship  searches  for  the  MOB  at  the 
same  speed  that  it  was  making  at  the  time  the  MOB  fell  over- 
board, the  total  lateral  error,  called  the  navigational  error, 

NE,  Is  computed  using  the  following  expression: 

NE  = aL+1 . 770TMVg 

Since  It  is  of  no  consequence  to  the  outcome  of  the  simulation 
whether  the  lateral  error  is  to  port  or  starboard  of  the  MOB ' s 
position,  the  absolute  value  of  NE  Is  used.  In  the  simulation 
an  option  Is  provided  to  override  the  value  of  the  mean  heading 
error,  Uq,  assigned  for  a particular  ship  type  if,  for  example, 
it  is  desired  to  study  the  requirements  for  rescue  boats  on  ships 
equipped  with  sophisticated  navigation  systems.  The  navigational 
error,  0,  Is  assumed  to  be  normally  distributed  with  a standard 
deviation  of  one  half  the  mean. 

If  a rescue  boat  had  exceptional  capabilities,  in  particular, 
if  its  speed  were  at  least  as  great  as  the  ship's,  it  might  Im- 
prove the  chance  of  finding  and  recovering  the  MOB  if  the  boat 
were  launched  as  soon  as  the  man  was  discovered  missing  so  that 
both  the  ship  and  boat  were  to  conduct  Independent  searches;  this 
capability  is  provided  in  the  simulation.  When  this  option  is 
used  two  parallel  paths  are  followed  through  the  model,  one  repre- 
senting the  search  by  the  rescue  boat  and  the  other,  the  search 
by  the  ship.  The  total  width  of  the  search  path  is  therefore 
the  combined  width  of  the  paths  of  the  ship  and  rescue  boat. 

(The  width  of  a search  path  is  considered  to  be  twice  the  dis- 
tance of  visibility  from  the  vessel.) 


It  is  assumed  that  communication  between  the  ship  and  the  rescue 
boat  enables  the  boat  to  search  with  no  worse  a navigational 
error  than-  that  of  the  ship's.  It  is  further  assumed  that  the 
MOB  is  found  when  the  ship  and/or  rescue  boat  are  in  the  vicinity 
and  the  distance  of  visibility,  dyj^,  is  less  than  the  lateral 
navigational  error,  NE.  When  both  ship  and  boat  participate  in 
the  search  the  effective  distance  of  visibility  is  the  sum  of 
the  distances  of  visibility  from  each.  The  performance  of  the 
rescue  system  depends,  somewhat,  upon  which  of  the  two  craft 
actually  finds  the  MOB;  this  in  turn  depends  upon  the  speed  of 
each  vessel,  the  relative  distances  of  visibility,  and  whether 
the  lateral  arrangement  of  the  paths  placed  one  o’"  the  other 
closer  to  the  MOB.  The  interrelationship  of  the  last  two  factors 
would  be  cumbersome  to  model.  A reasonable  approximation,  con- 
sequently is  to  assign  to  both  a navigational  error,  NE,  of  half 
the  value  used  for  the  search  by  a single  vessel. 

In  the  cases  where  the  search  is  conducted  using  both  the  ship 
and  the  boat,  in  the  cases  where  only  the  boat  is  used,  the 
ship  is  assumed  to  slow  to  the  maximum  speed  at  which  the  boat 
can  be  safely  launched,  Vj^.  The  time  required  to  launch  the 
boat  is  the  greater  of  the  time  for  the  ship  to  slow  to  knots, 
Tsl»  crew  to  report  to  the  boat  and  prepare  it  for 

launch,  Tjjpx  + Tp.  As  previously  discussed,  the  sea  state  must 
also  be  less  than  the  seaworthiness  index  of  the  boat  for  a 
successful  launch. 

If  the  search  is  to  be  conducted  using  both  the  ship  and  the 
boat,  or  using  only  the  ship,  then  the  modeling  assumes  a 
Williamson  turn  by  the  ship;  the  time  for  this  is  modeled  as 
T-py.  The  modeling  of  the  ship  attempting  to  retrace  its  path, 
with  its  subsequent  navigational  error,  is  the  same  as  pre- 
viously described. 

The  scenario  further  assumes  that  the  ship  searches  the  entire 
distance  to  where  the  man  was  last  seen  on  board.  It  is  recog- 
nized that  a number  of  possibilities  exist  for  conducting  such 


a search,  depending  on  such  things  as  the  Captain's  judgement 
and  assessment  of  a particular  situation.  For  example,  he  might 
elect  to  concentrate  the  search  in  the  nearer  areas  where  the 
possibility  of  the  MOB  being  still  alive  and  afloat  is  greater. 
Nevertheless,  for  the  sake  of  simplicity,  no  attempt  was  made 
to  model  such  subjective  reasoning. 

The  distance  to  be  searched  on  one  search  pass  is  modeled  as 
the  ship's  speed  times  the  time  Interval  between  when  the  MOB 
was  last  seen  aboard  and  when  he  was  found  missing.  It  is  as- 
sumed that  the  ship  conducts  its  search  at  the  same  speed  that 
it  was  at  when  the  man  fell  overboard.  Thus,  distances  along 
the  ship's  path  are  proportional  to  time  intervals  and  therefore 
the  "length"  of  a search  pass  is  equal  to  the  time  period  since 
the  man  was  last  seen  on  board,  Tj^g,  plus  the  time  required  to 
make  a 180  degree  turn  to  start  the  next  pass,  T^^gQ.  The  time 
to  make  a IfD  degree  turn  is  computed  using  the  following: 

^T180  TW  300 

since  the  ship  turns  through  300  degrees  in  making  a Williamson 
tur  n . 

It  is  assumed  that  the  ship  has  only  one  opportunity  to  find  the 
man  on  each  search  pass.  In  reality  the  man's  position  along  the 
search  path  is  unknown  to  the  ship  personnel;  in  the  MOBCSM, 
however,  this  information  is  available  for  use  in  computing 
whether  the  man  is  found  on  any  particular  pass.  The  MOB ' s 
position,  expressed  in  equivalent  units  of  time  (since  a con- 
stant ship  speed  is  assumed),  is  T,.  minutes  from  the  point  where 

n 

he  was  discovered  missing.  After  making  the  Williamson  turn 
the  ship  must  travel  a distance  Vg(Tfj+Tfij)  to  return  to  the  man's 
position.  At  this  point,  the  modeling  assumes  that  the  MOB 
will  be  seen  if  the  navigational  error,  NE,  is  less  than  the 
distance  of  visibility,  dyjg.  If  dyjg  is  greater  than  the  navi- 
gational error  (NE)  of  the  ship,  then  it  is  assumed  that  the 
ship  continues  along  a search  path  of  ^LS  minutes  duration. 
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Note  that  in  this  case,  there  is  no  mechanism  provided  for  the 
ship  board  personnel  to  realize  that  they  were  abeam  of  the  MOB 
to  either  port  or  starboard. 


The  modeling  further  assumes  that  at  the  end  of  the  first  pass 
the  ship  reverses  its  course  to  one  side  or  the  other  of  the 
first  pass.  In  reality,  the  Captain  will  use  his  seaman's  skills 
In  an  attempt  to  guess  the  most  likely  direction  to  turn  but  he 
will  have  only  a slightly  better  than  50%  chance  of  being  right. 
If  he  chooses  the  right  direction  the  chance  of  seeing  the  man 
on  the  succeeding  pass  will  be  high  but  less  than  100%.  In  the 
MOBCSM  model  consequently,  it  is  assumed  that  the  net  probability 
of  finding  the  MOB  on  each  succeeding  pass  beyond  the  first,  Pg, 
is  50%. 


In  the  real  world,  the  ship  may  actually  continue  the  search  long 
after  the  MOB  has  drowned  and  may  in  fact  pass  his  position  many 
times.  In  the  MOBCSM  model,  however,  the  man's  survival  time  is 
determined  early  in  the  sequence  of  events.  Subsequent  search 
passes  by  the  ship  after  the  man's  survival  time  has  been  exceeded 
are  of  no  consequence  to  the  outcome  of  the  simulation;  therefore 
the  simulation  is  always  terminated  as  soon  as  the  man's  survival 
time  has  been  reached.  This  is  accomplished  by  determining  the 
number  of  opportunities  to  find  the  man,  N.  This  is  computed 
by  dividing  the  man's  remaining  survival  time  after  the  search 
has  started  (i.e.  Tg-t  where  t is  the  accumulated  time  at  the 
start  of  the  search)  by  the  time  to  complete  one  search  pass, 
Tls‘'’'^T180- 

The  modeling  of  the  search  by  the  rescue  boat  is  identical  to 
that  of  the  ship  except  that  the  time  to  return  to  the  MOB's 
true  position  on  the  first  search  pass  and  the  time  to  perform 
subsequent  search  passes  is  modified  by  the  ratio  of  the  ship's 
speed  to  the  rescue  boat's  speed.  The  rescue  boat's  speed  is 
assumed  to  be  a function  of  the  sea  state.  This  is  incorporated 
in  the  model  by  using  the  rescue  boat's  characteristic  speed  in 
smooth  water,  Vq,  and  its  speed  in  a sea  state  with  8 feet  signif- 
icant wave  heights,  Vg.  The  particular  speed  for  a given  wave 
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height,  hy,  Is  modeled  using  the  equation  below: 

Vr  « Vo+(V8-Vo) (|“) 

Note  that  hy  Is  a statistical  parameter  obtained  from  the  ap- 
propriate environmental  conditions.  The  minimum  rescue  boat 

speed  allowed  Is  3 knots.  i 

Whenever  the  man  Is  found  by  either  the  ship  or  the  boat  the 
next  event  In  the  scenario  Is  the  maneuvering  of  the  vessel 
near  the  man.  It  Is  assumed  that  In  the  cases  where  the  man 
was  not  seen  falling  overboard,  the  MOB  Is  first  seen  again 
at  or  near  the  maximum  distance  of  visibility.  The  vessel  must 
proceed  to  the  man  at  Its  best  speed  and  come  to  a favorable 
heading  and  stop  close  to  the  man.  The  time  for  the  ship  to 
maneuver  near  the  MOB,  T(,^fj,  Is  assumed  to  be  normally  distri- 
buted with  a mean  of  two  minutes,  a standard  deviation  of  one 
minute  and  a minimum  value  of  zero.  When  the  MOB  Is  found  by 
the  ship,  the  ship  has  the  option  of  attempting  to  recover  him 
over  the  side  or  to  use  the  rescue  boat.  Whether  the  simulated 
recovery  Is  attempted  by  the  ship  or  the  boat  Is  determined  by 
the  probability  that  the  recovery  will  be  by  the  ship,  Piq* 

This  probability  Is  a function  of  ship  type  and  Is  assigned  a 
relatively  high  value  of  0.50  for  tugs  and  flshboats  which  are 
easily  maneuvered  and  have  low  freeboard,  and  relatively  low 
values  of  0.05  for  large,  cumbersome  ship  types  such  as  tankers 
and  contalnershlps . 

If  recovery  by  the  ship  Is  simulated,  then  the  probability  that 
the  recovery  Is  successful,  P^,  determines  whether  the  MOB  Is 
saved  or  not.  This  probability  Is  assumed  to  be  0.80. 

If  recovery  by  the  boat  Is  simulated,  then  the  next  event  In 
the  scenarlQ  Is  the  launching  of  the  rescue  boat  unless,  of 
course,  the  search  was  being  conducted  by  both  the  ship  and  the 
boat  In  which  case  the  rescue  boat  Is  considered  to  have  already 
been  launched.  In  the  latter  case,  the  boat  must  proceed  to  the 
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location  where  the  ship  has  located  the  MOB.  If  the  man  is  dis- 
covered on  the  first  search  pass,  the  distance  between  the  ship 
and  boat  is  equal  to  the  elapsed  time  of  the  search  multiplied 
by  the  difference  in  speeds.  If  the  MOB  is  found  on  the  first 
search  pass  by  the  ship,  the  elapsed  time  would  be  Tj^^.  The  time 
for  the  boat  to  proceed  to  the  MOB ' s position,  Tg,  is  therefore 

Tb  = |Vs-Vb1 -Tm/Vb 

The  maximum  distance  that  the  boat  and  ship  will  be  apart  on 
subsequent  search  passes  will  be  the  length  of  the  search  path 
equivalent  to  Tls  time  units  but  on  the  average,  when  the  ship 
finds  the  MOB,  the  rescue  boat  will  be  one  fourth  the  length  of 
the  search  path  away.  Thus,  the  mean  time  for  the  boat  to  pro- 
ceed to  the  mob's  position  unless  their  relative  speeds  keep 
them  closer  will  be: 

Tb  = 0.25(Vs/Vb)1ls 

The  modeling  for  the  subsequent  boat  launch  follows  the  discus- 
sion previously  given.  Note  that  this  overall  time  duration  Is 
determined  as  a function  of  the  time  to  prepare  for  launch,  the 
ship’s  freeboard,  the  rescue  boat  system's  descent  speed,  and 
the  time  required  to  release  the  falls. 

The  next  event  in  the  scenario,  no  matter  what  the  search  mode 
was,  is  for  the  boat  to  maneuver  alongside  the  MOB.  This  is 
the  single  most  Important  task  that  the  rescue  boat  has  to  per- 
form in  the  man  overboard  evolution.  To  provide  a measure  of 
the  time  required  for  a particular  boat  to  perform  this  task, 
the  concept  of  a "standard  maneuver  for  rescue  boats"  has  been 
developed.  A boat's  rated  time  to  perform  the  standard  maneuver, 
Tsm»  used  in  the  MOBCSM  model  to  determine  the  simulated  time 

to  manuever  the  rescue  boat  to  the  MOB. 

The  "standard  maneuver"  is  conceived  as  the  maneuvers  that  a 
rescue  boat  would  have  to  perform  in  going  from  the  side  of  the 
ship  to  a position  where  it  can  take  the  MOB  aboard.  In  the 
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standard  maneuver,  it  is  assumed  that  the  ship  is  in  a sea  with  | 

a three  foot  significant  wave  height  with  its  bow  into  the  seas. 

The  MOB  is  postulated  to  be  100  yards  abeam  of  the  ship  and 
50  yards  forward  of  the  beam.  The  "standard  maneuver"  requires 
the  rescue  boat  to  leave  the  side  of  the  ship  beneath  the  davits, 
proceed  to  the  man,  and  oi . int  Itself  in  a favorable  position 
for  taking  the  man  on  board.  The  time  that  a particular  boat 
requires  to  perform  this  "standard  maneuver"  can  be  considered 
a characteristic  of  the  boat.  It  is  a more  meaningful  measure 
of  performance  of  a rescue  boat  than,  for  example,  the  boat's 
speed  because  it  combines  the  boat's  speed,  seakeeping,  maneuver- 
ing, and  control  characteristics.  The  standard  maneuver  time 
can  be  determined  for  a particular  boat  by  testing  it  on  a cali- 
brated course.  Criteria  for  certification  of  rescue  boats  could 
be  established  based  on  studies  of  its  effect  on  the  survival 
rate. 

As  used  in  the  MOBCSM  model,  the  task  of  maneuvering  the  boat  to 
the  MOB  is  defined  In  units  of  standard  maneuvers.  Thus,  if  all  ( 

other  conditions  were  the  same  but  the  boat  had  to  travel  300 
yards  to  get  to  the  man,  the  boat  would  be  considered  to  perform 
two  standard  maneuvers,  or  if  all  other  conditions  were  the  same 
but  the  sea  was  flat  calm,  the  boat  would  perform  0.5  standard 
maneuvers  and  the  time  required  would  be  half  of  that  to  perform 
a full  standard  maneuver.  Thus,  it  is  assumed  that  the  time  to 
maneuver  the  rescue  boat  to  recover  the  MOB,  Tj^jg,  is  normally 
distributed  with  a mean  equal  to  TgM  standard  deviation 

equal  to  0.5Tsm* 

J The  next  event  in  the  scenario  is  to  recover  the  MOB  from  the 

I water.  It  is  assumed  that  if  the  boat  can  get  to  the  man  while 

^ he  is  still  alive  and  afloat  that  it  will  successfully  recover 

> him  from  the  water.  The  only  uncertainty  assumed  by  the  model 

^ is  the  time  it  takes  to  get  him  into  the  boat.  It  is  assumed 

^ that  under  standard  conditions  the  mean  time  will  be  0.5  minutes. 

.C  . 

^ However,  if  the  boat  has  a high  freeboard  or  if  a portion  of 
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the  boat  Is  covered  so  that  part  of  the  gunwale  Is  not  available 
to  take  the  man  in  over  the  side  at  that  point,  then  the  recovery 
time  will  be  longer.  This  recovery  time  is  assumed  to  Increase 
as  the  square  of  the  excess  freeboard  over  2 feet.  The  degree 
to  which  the  boat  is  covered  is  expressed  as  the  ratio  of  the 
length  of  open  gunwale  to  the  total  length  of  gunwale,  (|i  . It 
is  assumed  that  a moderate  amount  of  cover  has  little  effect  on 
the  time  to  recover  the  man  but  that  if  the  boat  is  almost  totally 
covered  with  very  small  openings  at  the  gunwale  to  bring  the  man 
aboard,  the  procedure  will  be  slowed;  this  assumption  is  modeled 
using  an  exponential  factor.  Thus,  the  mean  time  to  recover 
the  MOB  from  the  water,  Tj^,  is  obtained  using  the  following 
expression  : 

(FB-2)2 

T„  = 0.5  {1+  , } (1+e  ) if  FB  >2.0' 

K 4 

Tr  = 0. 5(l+e^"^°* ) if  FBi2.0’ 

The  next  event  modeled  is  for  the  rescue  boat  to  return  to  the 
ship  with  the  MOB,  The  time  to  accomplish  this  is  assumed  identi- 
cal to  the  time  for  the  rescue  boat  to  maneuver  to  recover  the 

MOB. 

Once  alongside  the  ship,  the  option  exists  to  attempt  to  hoist 
the  boat  aboard  the  ship  with  the  crew  and  survivor  aboard  the 
boat  or  to  attempt  to  transfer  the  survivor  and/or  crew  to  the 
ship  before  attempting  to  recover  or  abandon  the  boat.  Whether 
the  captain  elects  to  attempt  to  recover  the  boat  with  its  oc- 
cupants depends  upon  the  confidence  he  has  in  the  recovery  system. 
If  the  recovery  system  is  good,  for  example,  as  is  the  tensioned 

falls  system  on  current  Coast  Guard  cutters,  it  is  considered 

safer  to  bring  the  people  aboard  in  the  boat.  On  the  other  hand, 
conventional  lifeboat  davits  are  considered  too  risky  to  attempt 
recovery  of  the  boat  in  high  sea  states  so  it  is  considered  safer 
to  have  the  crew  and  survivor  climb  from  boat  to  ship  via  Jacobs 
ladders,  cargo  nets,  etc. 
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In  the  current  version  of  the  model,  the  boat  recovery  system 
is  tested  on  every  simulation  by  setting  the  probability  of  dis- 
embarking the  MOB  and  rescue  boat  crew,  P13,  to  0.0.  Advocates 
of  single  fall  davit  systems  cite  the  ease  with  which  the  boat 
can  be  recovered  in  high  sea  states  vis-a-vis  the  double  fall 
davit  systems.  In  the  MOBCSM  it  is  assumed  that  a double  fall 
system  has  a 1%  lower  probability  of  a successful  recovery  ex- 
clusive of  sea  state  effects.  It  is  further  assumed  that  the 
rate  of  degradation  in  the  probability  of  a successful  recovery 
with  a single  fall  system  is  0.016  per  foot  of  wave  height  and 
that  the  rate  of  degradation  is  5%  greater  with  double  fall 
systems.  With  these  assumptions  the  probability  of  a successful 
recovery  of  the  rescue  boat,  Pi5>  Is  determined  using  the  follow- 
ing expression  : 

Pl5  = P15"  U-O.Ol(Np-l) 1-0.016  U-0.05(Np-l) }h^ 

whe  r e 

P|j"  is  the  probability  of  successful  recovery  with 
single  falls  in  a calm  sea,  and 

Np  is  the  number  of  falls. 
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4.2  The  Abandon  Ship  Model 


The  Abandon  Ship  Model  is  Intended  to  describe  a realistic  profile 
of  abandon  ship  situations  to  enable  the  effectiveness  of  alter- 
native rescue  system  configurations  to  be  studied.  The  focus 
of  the  model  is  on  the  action  of  the  rescue  boat  in  rescuing 
the  people  who  abandon  ship  by  entering  the  water.  The  success 
of  the  rescue  boat  in  performing  this  task  depends  upon  the 
survival  time  of  the  people  in  the  water,  the  probability  that 
the  boat  actually  gets  successfully  launched,  and  the  time  for 
the  boat  to  get  to  the  people  in  the  water. 

The  Abandon  Ship  Profile  is  described  using  a conventional  block 
diagram  format;  this  diagram  forms  the  basis  for  a computer 
simulation  and  is  consequently  referred  to  as  the  Abandon  Ship 
Computer  Simulation  Model  (ASCSM) . 

Important  characteristics  of  a ship  abandonment,  such  as  the  num- 
ber of  people  who  enter  the  water  and  the  probability  of  successful 
launch  of  the  rescue  boat, are  dependent  upon  the  characteristics 
of  both  the  ship  and  the  casualty.  The  ASCSM  model  has  there- 
fore been  designed  so  that  studies  of  abandonments  can  be  made 
for  a given  ship  type  Involved  in  different  casualties  with  the 
ship  equipped  with  a rescue  boat  or  boats  of  specified  charac- 
teristics. 

The  characteristics  (relevant  to  the  ASCSM  model)  of  a repre- 
sentative vessel  for  each  ship  type  are  built  into  the  model. 

If  the  study  of  the  performance  of  the  rescue  boat  with  some 
variation  of  the  ship's  characteristics  is  desired,  it  is 
possible  to  override  the  stored  characteristics. 

Similarly,  the  relevant  characteristics  of  the  nine  casualty 
types  are  built  into  the  model.  These  characteristics  can  also 
be  overridden  if  the  performance  of  the  rescue  boat  with  casual- 
ties of,  say,  greater  severity  than  those  that  the  stored  char- 
acteristics describe  need  to  be  studied. 


NOMENCLATURE 


ABANDON  SHIP  MODEL 


Description 


t Of  Crew  Isolated  From  Lifeboats  By  Casualty. 


Capacity  of  Life  Boat. 


Capacity  of  Liferaft 


Capacity  ot  Rescue  Boat. 


% Of  Crew  Killed  Directly  By  Casualty 


Total  Excess  Capacity  In  Lifeboats  And  Liferafts  Vihich  Get 
Launched. 


Index  No.  Of  Crewman  Being  Rescued  From  water. 


Significant  Wave  Height. 


No.  Of  Crewmen  Who  Cannot  Find  Room  In  A Lifeboat  Or  Liferaft 


% Of  Lifeboats  Damaged  By  Casualty. 


Length  Of  Collision  Damage,  Feet. 


Length  Of  Lifeboat,  Feet. 


Length  Of  Liferaft,  Feet 


Number  Of  Crewmen  in  Water. 


Number  Of  Crewmen  Who  Abandon  Ship  In  Lifeboats  Or  Liferafts. 


Number  Of  Boats  (Either  Lifeboats  Or  Rescue  Boat)  Which  Are 
Damaged  Directly  By  Casualty. 


Number  Of  Crewmen. 


Number  Of  Crewmen  Isolated  From  Lifeboats  By  Casualty. 


Number  of  Crewmen  Killed  Directly  By  Casualty. 


No.  Of  Crewmen  Knocked  Overboard  By  Casualty 


No.  Of  Lifeboats  Available  For  Use  In  Abandoning  Ship. 


symbol 


Description 


NlB 

NlH 

NlL 

^LR 

Nr 

NrB 

NrBC 

Ns 

NsIM 

NrbRB 

Pi 

Pz 

P3 

P4 

P5 

Pe 

P7 

pb 

P9 

PlO 

Pn 

PlZ 

Pi  3 

Pl4 


No.  Of  Lifeboats  On  Ship. 

No.  Of  Lifeboats  Available  On  High  Side  Of  Ship  (&  No. 
Successfully  Launched) . 

No.  Of  Lifeboats  Available  On  Low  Side  Of  Ship  (&  No. 

Successfully  Launched). 

No.  Of  Liferafts  On  Ship. 

No.  Of  Liferafts  Available  (&  No.  Successfully  Launched). 

No.  Of  Rescue  Boats. 

No.  Of  Rescue  Boat  Crew. 

No.  Of  Crewmen  Rescued  From  Water  By  Rescue  Boat. 

No.  Of  Simulations. 

No.  Of  Crewmen  Not  Rescued  By  The  Rescue  Boat  (May  Be  Rescued 
By  Other  Means). 

Probability  Casualty  Is  A Fire. 

Probability  Casualty  Is  A Collision 

Probability  Collision  Results  In  A Fire. 

Probability  Casualty  Is  An  Explosion. 

Probability  Explosion  Results  In  A Fire. 

Probability  Casualty  Is  A Structural  Failure. 

Probability  Casualty  Is  A Grounding. 

Probability  Lifeboat  Damaged  By  Collision. 

Probability  High  Side  Lifeboat(s)  is  (are)  Successfully  Launched. 
Probability  Low  Side  Lifeboat(s)  is  (are)  Successfully  Launched. 
Probability  Liferafts(s)  is  (are)  Successfully  Launched. 
Probability  Rescue  Boat  Is  Successfully  Launched. 

Probability  Rescue  Boat  Is  One  Of  Boats  Damaged  By  Casualty. 
Probability  Rescue  Vessel  Is  Near. 


ibo 


Description 


^CRF 

Pkf 

Pk 

Rl 


r 

I 

I 


! 


I 


R2 

S 

SL 

ThYP 

^IW 

Tl 

TOY 

Tpu 

"^RPT 

TS 

Tsf 

■^SM 

Tsnf 

TtR 

w 

X 


Probability  Crewmen  Isolated  By  Casualty  Is  Wearing  PFO. 

Probability  Crewman  Knocked  In  Water  Is  Wearing  PFD. 

Probability  Man  Being  Rescued  Is  One  Who  Was  Knocked  In  Water. 

Total  Capacity  Of  Lifeboats  Successfully  Launched, 

Total  Capacity  Of  Liferafts  Successfully  Launched, 

No.  Of  Survivors  Rescued  From  Water  In  The  Rescue  Boat  At 
A Given  Time. 

Ship  Length,  Feet. 

Time  From  Initiation  Of  Casualty  To  Order  Given  To  Abandon 
Ship. 

Time  To  Die  From  Hypothermia. 

Time  A Particular  Man  Has  Been  In  Water  When  Rescue  Boat  Reaches 
Him, 

Time  Rescue  Boat  Crew  Arriving  At  Rescue  Boat  To  Start  Rescue 
Of  Men  In  Water. 

Time  Of  Year  As  % Of  Time  Between  Mid-Summer  & Mid-Winter. 

Cumulative  Time  To  Pick  Up  Men  In  Water. 

Time  For  Rescue  Boat  Crew  To  Report  To  The  Rescue  Boat, 

Time  To  Survive  In  Water. 

Time  To  Remain  Afloat  With  Floatation. 

Time  For  Boat  To  Perform  "Standard  Maneuver". 

Time  To  Remain  Afloat  Without  Floatation. 

Time  To  Transfer  Survivors  From  Rescue  Boat  To  Lifeboat  Or 
Liferaft. 

Water  Temperature. 

No.  Of  Simulation  Where  Rescue  Boat  Has  Been  Able  To  Attempt 
Rescue  Of  All  Crewnen  In  Water, 

No.  Of  Simulations  Where  Rescue  Boat  Was  Damaged  By  Casualty. 

'I2C 


Symbol 


Description 


Y No.  Of  Simulations  Where  Rescue  Boat  Launched  Failed. 

Z No.  Of  Simulations  Where  Rescue  Boat  (And  All  Lifeboats  and 

Liferafts)  Is  Filled  To  Capacity  Before  Launch. 

ZZ  No.  Of  Simulations  Where  Rescue  Boat  Was  Filled  To  Capacity 

Before  all  Crewmen  Could  Be  Rescued. 


e 


^Ttr 


u 

a 


Heel  Angle. 

Time  To  Rescue  One  Man  From  Water. 

Time  To  Transfer  One  Survivor  From  Rescue  Boat  To  Lifeboat 
Or  Liferaft. 

Mean  Value,  Generally,  Or  Sub-Scripted  For  Any  Variable  Above. 
Modal  Value,  Generally,  Or  Sub-Scripted  For  Any  Variable  Above. 
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The  ASCSM  model  consists  of  three  main  parts  as  shown  in 
Figure  4-3.  The  first  part,  the  casualty  development,  models 
the  development  of  the  casualty  to  define  the  condition  of  the 
ship  and  the  people  in  the  water  at  the  time  of  abandonment. 

Note  that  this  definition  is  predefined  and  sets  conditions  from 
which  the  abandonment  process  can  be  studied.  The  second,  the 
ship  abandonment,  models  the  abandonment  of  the  ship  by  life- 
boats and  liferafts  and  the  launching  of  the  rescue  boat.  It 
determines  how  much  capacity  is  available  in  the  boats,  rafts, 
and  rescue  boat  that  are  successfully  launched.  The  last  part, 
the  rescue  of  people  in  the  water  models  the  performance  of  the 
rescue  boat  in  rescuing  the  people  in  the  water  and  transferring 
them  into  other  rescue  vessels,  lifeboats,  or  liferafts. 
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4.2.1  Measure  of  Performance 

The  overall  measure  of  performance  of  the  ASCSM  model  is  the 
"rescue  rate",  that  is,  the  ratio  of  the  number  of  persons 
rescued  by  the  rescue  boat  or  boats  to  the  total  number  of 
people  in  the  water.  This  is  not  Intended  to  imply  that  all 
those  not  recovered  by  the  rescue  boat  are  lost,  for  they  could 
be  rescued  from  the  water  by  other  means:  e.g. , by  lifeboats, 
liferafts,  other  rescue  vessels,  helicopters,  etc.  It  does 
mean,  however,  that  the  capabilities  of  the  rescue  boat  and  its 
performance  as  modeled  were  Inadequate  to  rescue  those  persons. 


4.2.2  Ship  Characteristics 

I 

i The  eight  ship  types  modeled  are:  1)  tanker,  2)  LNG  ship,  3)  con- 

’ In  talnershlp,  4)  tug,  5)  flshboat,  6)  LASH  ship,  7)  Great  Lakes 

bulker,  and  8)  ferry.  For  each  ship  type  a representative  U.S. 
flag  vessel  was  selected  as  the  basis  for  the  determination  of 
( the  set  of  ship  characteristics. 

I The  ship  characteristics  germaine  to  the  abandon  ship  modeling  are: 

\ 1)  number  of  people  on  board,  2)  number  of  lifeboats,  3)  their 

capacity,  4)  number  of  liferafts,  5)  their  capacity,  6)  ship 
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SHIP 

CHARACTERISTICS 


length,  and  7)  modal  significant  wave  heights  In  mid-summer  and 
mid-winter.  The  significance  of  most  of  these  characteristics 
to  an  abandon  ship  simulation  Is  self-evident;  they  will  be 
discussed  In  the  detailed  description  of  the  ASCSM  model,  however. 
The  values  of  the  characteristics  for  each  of  the  eight  ship 
types  are  listed  In  Table  III.  The  numbers  and  capacities  of 
lifeboats  and  llferafts  are  based  on  current  U.S.  Coast  Guard 
Regulations,  reference  8. 


4.2.3  Casualty  Characteristics 

The  first  event  In  the  scenario  is  the  Initiation  of  a ship 
casualty  of  the  selected  type.  Of  course,  only  a small  percentage 
of  ship  casualties  lead  to  abandonment  but  every  casualty  modeled 
In  the  ASCSM  model  is  an  abandonment  case.  Analysis  of  ship 
abandonment  cases  reveals  that  there  are  only  three  reasons  for 
abandonment  under  duress.  These  are  when  the  ship  is  on  the 
verge  of:  1)  being  engulfed  by  fire,  2)  sinking,  and  3)  capsizing. 
(Other  causes  for  abandonment,  e.g.,  when  a ship  becomes  hope- 
lessly aground  but  is  not  in  danger  of  sinking  or  capsizing 
would  lead  to  a more  controlled  evolution  and  are  therefore 
not  considered  the  subject  of  the  ASCSM  model.) 


Further  analysis  of  casualty  records  provides  a categorization 
of  the  types  of  casualties  which  can  lead  to  abandonment.  Fires, 
explosions,  and  collisions  can  lead  to  the  vessel  being  engulfed 
in  fire.  Explosions,  collisions,  structural  failures,  founder- 
ings,  and  groundings  can  lead  to  the  vessel  sinking.  Capsizing 
' is  considered  a basic  casualty  without  regard  to  the  cause  (i.e. 

I loss  of  stability,  cargo  shifting,  tripping,  etc.)  Thus,  the 

- nine  casualty  types  available  for  study  in  the  ASCSM  model  are: 

I 


Fire 

i 2. 

• 

Explosion 

and 

fire 

1 3. 

Explosion 

and 

s Inking 

4.  Collision  and  fire 

5.  Collision  and  sinking 
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6.  Structural  Failure  (with  sinking) 

7.  Grounding  (with  sinking) 

8.  Foundering  (with  sinking) 

9.  Capsizing 

The  development  of  the  casualty  leads  to  a number  of  things  happen- 
ing which  have  more  or  less  significance  to  the  rescue  boat's 
task  of  rescuing  survivors  from  the  water.  Some  of  the  people 
may  be  killed  as  a result  of  the  casualty  and  therefore  be  elim- 
inated as  possible  survivors,  either  in  the  water  or  otherwise. 

Some  people  may  be  knocked  overboard  as  a result  of  the  casualty 
such  as  in  an  explosion  or  collision.  Some  people  may  be  isolated 
as  a result  of  the  casualty  and  not  be  able  to  abandon  ship  by 
lifeboat  or  liferaft.  For  example  in  a structural  failure  or 
explosion  which  results  In  the  ship  being  broken  in  two,  the 
bow  lookout  and  others  may  be  left  on  the  bow  section  of  the 
ship  where  there  is  no  lifeboat  or  liferaft.  Lifeboats,  life- 
rafts,  and  the  rescue  boat  may  be  damaged  by  the  fire,  explosion, 
or  collision.  During  sinking  and  capsizing  the  ship  will  develop 
a heel  angle  to  one  side.  Finally,  the  casualty  will  take  some 
time  to  develop  to  the  point  where  it  is  decided  to  abandon  ship. 
Except  for  damage  to  boats  in  a collision,  the  likelihood  of 
each  of  these  events  is  assumed  to  be  normally  distributed  with 
the  mean  value  assigned  as  a casualty  type  characteristic.  For 
example,  the  mean  time  for  a collioion  and  fire  to  develop  into 
an  abandon  ship  situation  is  assumed  to  be  30  minutes  while  a 
capsizing  is  assumed  to  develop  into  an  abandon  ship  situation 
in  an  average  time  of  five  minutes.  The  mean  value  for  each  of 
these  casualty  characteristics  for  each  casualty  type  are  pre- 
assigned. The  standard  deviation  of  each  of  the  normally  dis- 
tributed characteristics  is  assumed  to  be  half  the  mean;  the 
minimum  values  are  assumed  zero  and  the  maximum  values  are  postu- 
lated to  be  twice  the  mean.  The  values  of  the  characteristics  of 
each  casualty  type  are  given  in  Table  IV. 

The  probability  that  a boat  will  be  damaged  in  a collision  can 
be  calculated  as  a function  of  the  ship  and  casualty  characteris- 
tics. Research  on  collision  damage  (reference  9)  provides  some 
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TABLE  IV:  CASUALTY  CHARACTERISTICS 


insight  Into  the  location  and  extent  of  collision  damage  to  the 
striken  ship.  It  is  assumed  in  the  ASCSM  model,  based  on  Varges' 
discussion  of  reference  9,  that  the  ramming  vessel  is  never 
damaged  so  seriously  as  to  require  abandonment.  Figure  4-4  of 
reference  2 shows  that  the  probability  of  damage  length  has  a 
mode  of  20  feet.  For  the  purpose  of  the  ASCSM  model  it  was  as- 
sumed sufficient  to  approximate  Figure  4-4  with  a normal  distri- 
bution with  a mean  of  20  feet,  a standard  deviation  of  10  feet, 
a minimum  of  zero  and  a maximum  of  40  feet.  Figure  4-10  of 
reference  9 shows  that  the  distribution  of  damage  within  the 
vessel's  length  is  concentrated  somewhat  toward  the  forward 
part  of  the  ship  with  the  most  frequent  occurrence  at  amidshlp. 

For  simplicity  in  the  ASCSM  model,  the  data  of  Figure  4-10  was 
approximated  by  a uniform  distribution  from  bow  to  stern.  Again 
for  simplicity,  it  was  assumed  that  the  location  of  a boat  was 
equally  probable  anywhere  along  the  length  of  the  ship.  Under 
these  assumptions,  then,  the  probability  that  the  collision 
damage  will  coincide  with  a boat's  position  is  computed  as  the 
ratio  of  the  sum  of  the  total  length  of  boats  on  one  side  of 
the  ship  and  the  length  of  collision  damage  to  the  length  of 
the  ship . 

A review  of  the  characteristics  of  a number  of  standard  lifeboats 
shows  that  the  boat  length  can  be  approximated  reasonably  well 
by  the  following  relationship 

where 

L,  „ is  the  lifeboat  length  in  feet  and 
L D 

C,  „ is  the  lifeboat  capacity  in  number  of  people. 

L o 

This  is  shown  in  Figure  4-4.  The  length  of  each  lifeboat  specified 
by  the  ship  characteristics  and  the  rescue  boat  is  determined  by 
this  equat ion . 


The  probability  that  the  collision  occurs  in  way  of  a boat,  Pg,  is 
therefore  expressed  as: 


where 


N„_  is  the  number  of  rescue  boats 
Kd 


L is  the  length  of  each  rescue  boat,  feet  ; 

R o 

Lg  is  the  ship  length,  feet,  and 
is  the  damage  length,  feet. 

4.2.4  Detailed  Description  of  ASCSM  Model 

A detailed  diagram  of  the  ASCSM  model  is  shown  in  Figure  4-5a,  b, 
and  c.  The  three  parts  of  the  model:  1)  casualty  development,  ] 

2)  ship  abandonment,  and  3)  rescue  of  people  in  the  water,  are 
clearlyevldent.  1 

In  the  casualty  development  section  there  are  a number  of  possible  | 

paths  to  follow  depending  upon  the  values  of  probabilities 
through  in  the  present  version  of  the  model  probability  P 

through  P^^can  only  take  the  values  1.0  or  0.0.  For  simulation 
purposes,  these  values  are  set  in  a matrix  stored  within  the 
program  according  to  the  index  number  of  the  casualty  type.  The 
matrix  is  shown  in  Table  V.  Thus,  when  the  casualty  type  is 
specified,  the  values  of  P|  through  Pj^^  are  set  as  either  1.0 
or  0.0. 

The  consequences  of  each  casualty,  in  terms  of  number  of  people 
' killed,  the  number  knocked  overboard,  and  isolated, 

Ncrj t number  of  boats  damaged,  Ngp,  heel  angle,  0,  and  time  for 
the  casualty  to  develop  to  the  point  of  abandonment,  Tq,  are 
determined  along  each  path.  The  procedure  used  throughout  thg 
casualty  development  is  to  assume  that  each  of  the  above  con- 
sequences is  normally  distributed  with  a mean  given  by  the 
casualty  t y pe / c ha r a c t e r 1 s t 1 c matrix  and  a standard  deviation 
of  half  the  mean. 

• 

The  mean  number  of  people  killed  directly  by  the  casualty  (in 
fires,  collisions,  explosions,  and  capslzings  only)  is  expressed 
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Fire 
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1 

as  a percent  of  the  number  of  people  on  board.  The  percent  j 

i 

killed  in  a given  simulation  is  determined  as  a random  variable  ‘ 

which  is  then  converted  to  a fraction  and  multiplied  by  the  crew  j 

size  specified  by  the  ship  characteristics.  The  product  is  i 

rounded-up  to  obtain  integer  numbers  of  people  killed  in  each 
simulation,  Ncpf  number  of  people  isolated  from  lifeboats 

and  liferafts,  (in  fires,  explosions,  and  structural  failures,  • 

only)  is  determined  in  exactly  the  same  way. 

People  being  knocked  overboard  by  explosions,  collisions,  and 
capslzlngs,  Nj^,  are  limited  to  those  people  who  happen  to  be  in 
an  exposed  position  on  deck  near  the  casualty  and  is  therefore 
less  a function  of  total  ship  size.  Thus,  mean  values  of  people 
knocked  overboard  are  expressed  in  terms  of  individuals  rather 
than  a percent  of  the  crew  and  the  random  variable  generated  is 
rounded-up  to  obtain  an  Integer  number  of  people. 

Lifeboats,  liferafts,  and  rescue  boats  are  assumed  to  be  subject  i 

to  damage  by  fires,  explosions,  and  collisions.  The  probability 
of  a boat  being  damaged  in  a collision  has  already  been  discussed. 

The  probability  of  boats  and  rafts  being  damaged  by  fire  or 
explosion  is  expressed  as  a percent  of  the  total  number  of  boats, 

L.  This  value,  which  is  a generated  random  variable,  is  multiplied 
by  the  total  number  of  boats.  This  value  is  rounded-up  to  obtain 
integer  numbers  of  boats  damaged.  The  value  of  "L"  is  usually 
so  low  that  either  none,  or  at  most  one,  boat  is  ever  damaged.  i 

(A  damaged  boat  is  defined  as  one  that  cannot  be  used.)  In  com- 
pound casualties,  such  as  an  explosion  and  fire,  the  possibility  j 

of  boat  damage  can  occur  due  to  both  aspects  of  the  casualty. 

It  is  assumed  that  all  of  the  people  who  are  Isolated  from  the  ' 

lifeboats  and  liferafts  by  the  casualty  will  have  to  abandon  ship 
by  Jumping  in  the  water.  It  is  further  assumed  that  no  other  \ 

persons,  except  those  knocked  or  blown  overboard  by  the  casualty 
enter  the  water.  Thus,  the  total  number  of  people  in  the  water, 

N,  in  a given  casualty  is  given  by  the  expression: 

N - N^+Ncrj 
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The  purpose  of  the  ship  abandonment  section  of  the  ASCSM  Is  to 
determine  for  each  modeling: 

1)  whether  the  rescue  boat  or  boats  get  successfully 
launched  , 

2)  how  many  of  the  people  on  board  abandon  ship  success- 
fully In  lifeboats  and  llferafts, 

3)  how  much  excess  capacity  Is  In  the  boats  and  rafts 
that  do  get  launched  successfully,  and 

4)  how  much  capacity  of  the  rescue  boat  is  used  at  the 
time  it  is  launched. 

^ The  first  sequence  of  "events"  of  the  ship  abandonment  section 

' of  the  model  Is  to  determine  the  number  of  rescue  boats  success- 

fully launched.  If  more  than  one  rescue  boat  is  carried,  each 
boat  is  considered  in  turn.  First,  it  is  determined  whether  the 
rescue  boat  is  one  of  the  boats  damaged  by  the  casualty.  It  is 
assumed  that  all  of  the  boats  have  an  equal  probability  of  being 
damaged.  Thus  the  probability  that  the  first  rescue  boat  was  one 
of  the  damaged  boats  is  the  ratio  of  the  number  of  boats  damaged 
to  the  total  number  of  boats  carried.  The  probability  that  suc- 
ceeding rescue  boats  are  the  ones  damaged  is  computed  as  the  ratio 
of  the  number  of  remaining  damaged  boats  to  the  total  number  of  : j 

remaining  boats.  When  the  rescue  boats  are  considered  one  at  a 
f time,  in  turn,  the  probability  that  any  boat  is  damaged, 

is  determined  as  follows: 

p . ^Rn~NRBX) 

where 

Nrpd  number  of  rescue  boats  determined  to  be 

damaged  by  consideration  of  the  previous  (j-1) 
rescue  boats. 

Attempts  to  launch  those  rescue  boats  not  damaged  are  then  per- 
mitted. The  probability  of  a successful  launch,  Pj^2’  calm 
waters  and  without  adverse  heel  affects,  is  assigned  a fairly 
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high  value  consistent  with  the  reliability  of  the  launching 
system,  say  0.999;  this  probability  Is  assumed  to  be  degraded  by 
sea  state  and  heel  angle  of  the  ship. 

Current  U.S.  Coast  Guard  regulations  (reference  8)  specify  the 
heel  angle  at  which  lifeboat  davits  must  be  fully  operable.  This 
angle  Is  designated  In  the  ASCSM  model  as  the  rated  heel  angle 
of  the  davits,  0 . It  is  assumed  that  there  is  no  degradation  In 
the  probability  of  a successful  launch,  ^^2'  ^ angles  of 

heel  of  the  ship,  0,  up  to  this  value  of  0 . It  is  readily  ap- 
preciated  that  at  increasing  angles  of  list  It  becomes  increasing- 
ly difficult  to  launch  a boat  from  davits  (at  least  conventional 
davits)  on  the  high  side  of  the  ship  simply  because  the  boat  will 
not  fall  free  out  of  the  chocks.  On  the  low  side  of  the  ship, 
difficulty  in  launching  a boat  when  the  ship  has  a large  angle  of 
list  is  caused  by  the  inability  of  the  crewmen  to  operate  the 
gear  from  the  steeply  angled  deck.  It  is  assumed  in  the  ASCSM 
model  that  there  is  some  heel  angle  for  both  the  high  and  low 
side  boats  at  which  the  probability  of  a successful  launch,  Pj2’ 
becomes  zero.  In  the  present  version  of  the  ASCSM  model,  these 
are  set  at  30  degrees  and  40  degrees,  respectively.  The  proba- 
bility, P.,!  is*  assumed  to  vary  linearly  between  its  value  at  0 
and  zero  at  the  above  angles  as  shown  in  Figure  4-6. 

The  rated  heel  angle  of  the  davits,  0 , is  a parameter  that  the 

K 

U.S.C.G.  could  specify  differently  to  possibly  Influence  perfor- 
mance or  that  a manufacturer  could  use  as  a design  goal  to  en- 
hance his  product.  This  parameter  consequently,  is  considered 
in  the  modeling  as  a rescue  boat  system  characteristic  so  that 
studies  can  be  made  of  its  effect  on  the  rescue  rate. 

The  probability  of  a successful  launch,  P^2’  dependent  not 

only  upon  the  capability  of  the  davits  to  drop  the  boat  but 
also  on  the  ability  of  the  boat  to  safely  meet  the  water's  sur- 
face and  be  dispatched  from  the  ship.  There  are  many  complex 
factors  involved  which  could  not  be  modeled  within  the  scope  of 


this  project;  however,  they  are  embodied  within  the  concept  of 

the  boat's  "seaworthiness".  An  aspect  of  this  concept  has  been 

quantified  for  the  MOBSCM  model  as  the  wave  height  limit,  h , 

^LIM 

of  the  boat  which  is  the  wave  height  at  which  a prudent  ship's 
captain  would  decide  not  to  risk  the  boat  and  its  crew  to  rescue 
a man  overboard.  Such  a decision  would  implicitly  be  based  upon 
a judgement  of  the  probability  of  a safe  launch  (among  other 
factors)  of  the  particular  boat.  It  is  assumed  in  the  ASCSM 
model  that  the  wave  height  limit,  rescue  boat  is 

associated  with  a 502  probability  of  a successful  launch  (with 
zero  heel  angle)  and  that  the  degradation  of  the  probability  of 
a successful  launch  is  a linear  function  of  the  significant  wave 
height  as  shown  in  Figure  A-7. 


The  net  probability  of  a successful  launch  is  thus  described 
by  the  following  expressions: 
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where 


P 2 ' is  the  probability  of  a successful  launch  in  calm 
waters  and  with  no  heel  effect. 


Since  a rescue  boat  can  be  assumed  to  have  an  equal  probability 

of  being  on  the  high  or  the  low  side,  ^ ^2  angles,  0, 

greater  than  0 can  be  taken  as  the  mean  between  the  last  two 
K 

equations  above. 

When  the  modeling  determines  that  a rescue  boat  is  either  damaged 
or  not  launched  successfully,  the  number  of  rescue  boats,  Nrb  * 
is  decreased  by  one.  Whenever  all  of  the  rescue  boats  are  damaged 
or  fail  in  launch  as  determined  by  the  model,  i.e.,  when  is 


60 


zero,  the  simulation  is  ended  and  the  N people  in  the  water  are 
credited  as  "not  rescued  by  the  rescue  boat",  "NRBRB".  This  does 
not  mean  that  they  are  "lost"  since  they  may  be  rescued  by  other 
means  but  the  ASCSM  model  is  concerned  primarily  with  the  perform- 
ance of  the  rescue  boat. 


The  next  "event"  is  to  determine  how  many  people  attempt  to  abandon 
ship  by  lifeboat  or  liferaft,  Ny^g.  It  is  assumed  that  everyone 
who  can  will  want  to  abandon  ship  by  lifeboat  or  liferaft.  Those 
who  cannot  are  those  killed  by  the  casualty,  those  isolated 

from  the  boats  and  rafts,  those  knocked  in  the  water, 

and  the  rescue  boat  crew.  No  attempt  has  been  made  to  describe 
the  abandon  ship  situation  under  panic  conditions.  The  number 
of  people  who  attempt  to  abandon  ship  in  lifeboats  and  llferafts, 
N^g , is  determined  by: 
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where 

is  the  number  of  people  on  board  and 
C K 

N_„„  is  the  number  of  rescue  boat  crewmen 
K D C 


The  number  of  lifeboats  available  for  abandoning  ship,  is 


the  difference  between  the  number  of  lifeboats  carried,  N 


LB  ’ 


and  the  number  of  lifeboats  damaged.  The  number  of  lifeboats 

damaged  is  the  difference  between  the  total  number  of  boats 

damaged,  N , and  the  number  of  rescue  boats  damaged,  therefore, 
D D 

the  number  of  lifeboats  available,  N , is  determined  by: 


LB 


The  next  issue  is  to  determine  whether  the  available  lifeboats 
are  on  the  high  or  the  low  side.  It  is  assumed  in  the  ASCSM 
model  that  if  there  are  an  even  number  of  boats  available,  half 
are  on  each  side.  It  is  also  assumed  that  the  low  side  is  likely 
to  be  the  side  where  the  casualty  occurred  and  therefore  it  is 
more  likely  that  any  lifeboats  which  were  damaged  were  on  the 
low  side;  consequently  if  there  is  an  odd  number  of  lifeboats 
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available,  it  Is  assumed  that  there  will  be  one  more  boat  on  the 
high  side  than  the  low  side.  Both  of  these  assumptions  are 
Implemented  by  the  pair  of  equations: 


N 


LH 


and 


LL 


where 


LH 

Is 

t he 

n umbe  r 

o f 

available 

boats  on  the 

high 

side 

rounded 

up  to 

an 

Integer  value,  and 

LL 

i s 

the 

number 

o f 

available 

lifeboats  on 

the 

low  side 

The  probability  of  a successful  launch  of  high  side  and  low  side 

lifeboats,  and  respectively,  are  determined  according  to 

the  same  method  described  earlier  for  determining  the  probability 

of  a successful  launch  of  the  rescue  boat  except  that  the  rated 

heel  angle  of  the  davits,  0 , is  set  at  15  degrees  in  accordance 

R 

with  current  U.S.C.G.  regulations,  reference  8.  The  number  of 
high  and  low  side  lifeboats  actually  launched  is  determined  by 
multiplying  the  number  of  each  category  of  lifeboats  by  their 
respective  probabilities  and  rounding  the  answers  up  to  Integer 
numbers  of  boats.  The  aggregate  capacity  of  all  of  the  life- 
boats which  get  successfully  launched,  is  obtained  by  multi- 

plying the  capacity  per  boat  by  the  total  number  of  boats,  thus: 


'LB 


Llferafts  are  assumed  to  be  Independently  subjected  to  the  same 

probability  of  damage  due  to  the  casualty  as  the  boats.  The 

number  of  llferafts  available  to  abandon  ship,  N , is  therefore 

R 

obtained  using  the  following  expression: 


N 


R 


) -N 


LR 


where 

L is  the  percentage  of  lifeboats  damaged. 


The  probability  of  a successful  launch  of  a liferaft  is  assumed 
to  be  degraded  due  to  the  sea  state  effect  but  not  due  to  heel 
angle.  (Heel  angle  may  even  improve  the  launchabil ity  of  certain 
types  of  inflatable  life  rafts.)  The  probability  of  successful 
launch  of  a liferaft,  is  therefore  determined  by 

p * p ' ( 1 
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where 


is  the  probability  of  a successful  launch  in  calm 


water. 


The  aggregate  capacity  of  the  liferafts  which  get  successfully 

launched,  R2 » is  obtained  by  multiplying  the  capacity  per  raft, 

C,  , by  the  total  number  of  rafts,  N , thus: 

L K K 

•^2  = ^LR-\ 


If  the  number  of  people  attempting  to  abandon  ship  by  lifeboat  or 
liferaft,  , is  less  than  the  capacity  of  the  lifeboats,  Rj^, 

and  liferafts,  R2 . that  are  launched,  then  it  is  assumed  that 
they  all  do  so  and  the  aggregate  excess  capacity  in  the  boats 
and  rafts,  EXC,  is  determined  as  follows: 

EXC  = Ri+R2-N^S 


If  the  capacity  of  the  boats  and  rafts,  Rj^  + R2  , is  less  than  the 
number  of  people  who  attempt  to  abandon  ship  by  boat  or  raft, 

^AS  , assumed  that  the  excess  number  of  people,  J,  will 

attempt  to  abandon  ship  in  the  rescue  boat  or  boats.  This  is 
computed  as  shown  below: 

■ \s-"r"2 

In  cases  where  the  number  of  people  attempting  to  abandon  ship 
via  the  rescue  boat  or  boats,  J,  is  greater  than  the  aggregate 
capacity  of  the  rescue  boats,  N_„'C  , then  it  is  postulated 

that  only  the  latter  number  of  people  can  be  so  accommodated. 


The  excess  number  of  people  are  assumed  to  be  left  aboard  ship 
or  assumed  to  enter  the  water.  They  and  the  N people  who  other- 
wise enter  the  water  will  have  to  be  rescued  by  some  other  means; 
otherwise  they  will  be  lost.  These  people  are  categorized  In  the 
ASCSM  model  as  "not  rescued  by  the  rescue  boat"  (NRBRB)  and  that 
particular  simulation  is  then  terminated. 

In  the  cases  where  the  number  of  people  attempting  to  abandon 
ship  via  the  rescue  boat,  J,  is  less  than  the  aggregate  capacity 
of  the  rescue  boats,  N„„*C  , then  all  of  the  J people  are  as- 

sumed  to  do  so  and  the  population  of  survivors  in  the  rescue 
boats,  S,  is  then  set  equal  to  J.  This  completes  the  ship  aban- 
donment section  of  the  ASCSM  model. 

The  "rescue  of  the  people  in  the  water"  section  of  the  model  is 
designed  such  that  each  of  the  N individuals  is  rescued  one  at 
a time.  This  is  intended  to  model  the  action  of  an  actual  boat 
in  going  from  one  to  the  next  man  sequentially.  The  rescue  of 
each  man  is  determined  by  comparing  his  total  time  in  the  water 
with  his  calculated  survival  time.  If  the  rescue  boat  retrieves 
him  from  the  water  before  his  time  to  survive  has  expired,  he  is 
considered  rescued;  otherwise  he  is  not. 

The  man's  survival  time  is  calculated  as  previously  discussed; 
the  shorter  time  of  either  his  simulated  survival  time  period 
due  to  hypothermia  or  his  simulated  time  period  to  stay  afloat 
with  or  without  floatation  is  used. 

The  time  interval  before  the  effects  from  hypothermia  are  ex- 
perienced is  dependent  upon  the  water  temperature.  The  relation- 
ship used  in  the  ASCSM  model  is  the  same  one  used  in  the  MOBCSM 
model  and  has  previously  been  described.  Although  the  water 
temperature,  and  thus  the  mean  time  period  for  survival  will 
be  the  same  for  each  individual,  the  ASCSM  model  simulates  a 
different  time  interval  to  die  of  hypothermia,  T , for  each 
individual  by  generating  a new  random  variable  for  each  from 
the  distribution  of  T„„_. 
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The  man's  time  period  In  the  water,  T^^,  and  his  time  frame  to 
stay  afloat,  are  both  assumed  to  be  a function  of  which  class 
of  people  in  the  water  he  belongs  to.  If  he  was  one  who  was 
knocked  in  the  water  by  the  explosion,  collision,  or  capsizing, 
he  is  assumed  to  have  entered  the  water  when  the  casualty  was 
intitated.  His  time  in  the  water  is  therefore  the  sum  of  the 
time  for  the  casualty  to  develop  to  the  point  of  abandonment, 
T^,  plus  the  time  to  launch  the  rescue  boat,  plus  the  time  for 


the  boat  to  pick  him  up,  T 


that  is: 


= T +T  +T 
C L PU 
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The  other  group  of  people  in  the  water  are  those  who  are  isolated 
from  the  lifeboats  and  liferafts  by  the  casualty  and  therefore 
must  enter  the  water  in  order  to  abandon  ship.  Their  time  spent 
in  the  water  is  more  difficult  to  estimate.  In  the  real  world, 
and  in  the  absence  of  panic,  they  would  prefer  to  wait  until  a 
boat  was  standing  by  to  retrieve  them  before  jumping  into  the 
water.  On  the  other  hand  the  fact  that  they  are  isolated  by 
the  fire,  explosion,  or  structural  failure  may  be  symptomatic 
of  the  casualty  being  more  severe  at  their  location  thereby 
forcing  an  earlier  abandonment.  The  ASCSM  model  deals  with  this 
uncertainty  by  assuming  that  these  people  enter  the  water,  on 
the  average,  at  the  midpoint  of  the  time  period  between  the 
outbreak  of  the  casualty  and  the  launch  of  the  rescue  boat. 

The  total  time  spent  in  the  water,  T^^,  for  a man  who  was  iso- 
lated by  the  casualty  is  calculated  as  follows: 

IW  ''  2 ’ PU 

In  the  modeling  of  the  rescue  boat's  retrieval  of  people  in  the 
water,  it  was  necessary  to  identify  how  each  individual  entered 
the  water,  i.e.,  to  determine  whether  he  was  knocked  in  the  water 


or  if  he  was  isolated  from  the  lifeboats. 


It  was  then  assumed 


that  there  did  not  exist  a preferred  ordering  for  the  retrieval 
of  the  people  by  the  rescue  boat,  i.e.,  that  the  rescue  boat 
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would  set  about  Its  task  on  an  orderly,  first  arrival  basis. 

Therefore,  the  probability  of  rescuing  a person  who  was  knocked 

overboard,  was  determined  using  the  ratio  of  the  number  of 

people  who  were  knocked  overboard  and  who  were  still  In  the  water, 

N , to  the  total  number  of  persons  still  In  the  water.  Thus 
^ t h 

when  rescuing  the  1 man,  the  probability  was  computed  using 
the  following: 

P = — 

K N-(l+l) 

Whenever  the  person  being  rescued  Is  Identified  as  one  who  was 
knocked  overboard  then  the  value  of  N Is  reduced  by  1. 

A similar  procedure  Is  used  to  determine  the  probability  of 
rescuing  a person  who  was  isolated  by  the  casualty  and  was  sub- 
sequently forced  to  jump. 

The  distribution  of  time  that  a man  can  remain  afloat  is  assumed 
to  be  dependent  upon  whether  he  has  floatation  or  not  and  is  identi 
cal  to  the  distributions  discussed  In  the  MOBCSM  model.  Basic- 
ally, they  are  assumed  to  be  Rayleigh  distributions  with  modes 
of  10  minutes  without  floatation  and  30  minutes  with  floatation. 

The  next  task  in  the  ASCSM  model  is  therefore  to  determine 
whether  the  man  being  rescued  has  floatation  or  not. 

It  is  assumed  that  the  casualty  was  unexpected  and  therefore 
at  the  time  it  occurred  the  people  on  the  ship  were  engaged  in 
their  normal  business,  that  Is,  they  were  not  wearing  PFDs. 

Those  who  were  knocked  overboard  because  they  were  in  exposed 
positions  on  deck  in  proximity  to  the  explosion  or  collision 
are  assumed  to  have  a very  low  probability  of  having  floatation, 
Pj^pi  assumed  to  be  0.02.  On  the  other  hand,  those  who  were 
isolated  from  the  lifeboats  are  assumed  to  have  a reasonable 
chance  of  getting  floatation  before  they  are  forced  to  enter  ' 
the  water.  Their  probability  of  having  floatation,  P_„,_,  is 
set  at  50X. 
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The  time  frame  over  which  the  individual  can  stay  afloat  is 

modeled  as  described  above;  his  survival  time,  T„ , is  deter- 

mined  as  the  shorter  time  of  this  and  the  previously  determined 

time  period  to  survive  hypothermia  effects.  If  the  time  period 

of  survival,  Tg,  is  greater  than  the  man's  time  spent  in  the 

water,  T_,,,  the  model  assumes  that  he  is  saved.  If  not,  he  is 
I W 

considered  lost . 

Whenever  a man  is  saved,  the  population  of  the  rescue  boat,  S, 
is  Increased  by  one.  If  S is  less  than  the  capacity  of  the 
rescue  boat  (or  boats)  the  boat  goes  on  to  rescue  the  next  man 
and  continues  this  routine  until  either  all  the  people  in  the 
water  have  received  a rescue  attempt  or  the  boat  capacity  is 
reached . 


The  ASCSM  model  does  not  attempt  to  describe  the  dispersion  of 
the  people  in  the  water  so  that  the  time  to  get  from  one  man  to 

the  next  can  be  determined  as  a function  of  their  separation 

and  the  boat's  speed.  Instead,  the  model  assumes  that  the  people 
are  dispersed  with  some  average  distance  between  them  and  that 

the  boat's  mean  time  to  pick  up  a man,  or  MTTP , which  has 

been  previously  determined  by  tests,  is  an  adequate  measure  of 
the  boat's  "agility"  and  consequently  a measure  of  the  time 
required  to  pick-up  survivors.  Here,  "agility"  is  the  integrated 
speed,  maneuvering,  control,  seakeeping,  and  stability  charac- 
teristics as  applied  during  a typical  rescue  effort.  The  boat's 
agility  characteristic,  MTTP,  as  employed  in  the  ASCSM  model  can 
be  related  to  actual  boat  performance  as  determined  on  a cali- 
brated course. 


The  sea  state  will  obviously  affect  the  boat's  MTTP.  The  degree 
to  which  the  wave  height  will  increase  the  time  for  the  boat 
to  recover  is  also  dependent  upon  the  boat's  seakeeping  charac- 
teristics. It  is  assumed  that  the  MTTP  will  be  double  its  calm 


water  value  at  the  boat's  wave  height  limit,  h 


WLIM' 


Under  the 
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assumption  that  the  HTTP  increases  linearly  with  wave  height, 
a sea  state  factor,  F , has  been  defined,  as  shown  in  Figure 
4-7  which  is  then  multiplied  by  the  boat's  rated  value  of  HTTP 
(in  calm  water)  to  obtain  the  appropriate  value  of  HTTP  in  the 
simulated  sea  state. 


If  after  rescuing  a man  from  the  water,  it  is  determined  that 
the  rescue  boat's  population,  S,  is  equal  to  the  boat's  capacity, 
Cnnt  it  will  be  necessary  to  transfer  some  of  the  survivors  out 
of  the  rescue  boat  before  more  can  be  rescued.  The  first  prefer- 
ence would  be  to  transfer  them  to  a rescue  vessel  if  one  is  near. 
The  model  postulates  that  the  probability  that  a rescue  vessel 
is  near,  is  primarily  a function  of  the  ship  type,  e.g., 

tankers  operate  more  often  in  remote  areas  than  do  tugs,  fish- 
boats,  and  ferries  and  would  consequently  have  less  likelihood 
of  having  a rescue  vessel  in  the  vicinity.  The  value  of  P^^^  is 
therefore  assigned  as  a ship  characteristic,  except  that  in  the 
case  of  a collision,  regardless  of  the  ship  type,  the  colliding 
vessel  is  assumed  never  to  need  abandonment  and  is  therefore 
available  as  a rescue  vessel.  Thus,  in  collision  type  casualties, 
Pj^^  is  always  set  at  0.95. 


In  the  cases  where  a rescue  vessel  is  determined  to  be  near,  the 

rescue  boat  is  assumed  to  maneuver  near  the  rescue  vessel.  The 

time  required  to  perform  this  maneuver  is  postulated  to  be  the 

time  to  perform  the  standard  maneuver,  T-„,  as  defined  for  the 

bn 

MOBCSM  model,  multiplied  by  the  sea  state  factor,  F^g.  The 

rescue  boat  is  then  assumed  to  transfer  its  full  capacity  of 

survivors  to  the  rescue  vessel.  It  is  assumed  that  the  time  to 

transfer  all  of  the  survivors,  T , is  equal  to  the  time  to 

T R 

transfer  one  survivor,  AT  , multiplied  by  the  number  of  survi- 

1 R 


vors,  S,  and  the  sea  state  factor,  F 


SS 


After  transferring  all 


the  survivors,  the  boat's  population  is  reset  to  zero,  the  ac- 
cumulated time  to  pick  up  survivors,  'Ppu»  Incremented  by  the 
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and  transfer 


time  to  maneuver  alongside  the  rescue  vessel,  , 

MN 

the  survivors,  T , and  the  boat  is  then  presumed  to  continue 
T R 

its  retrieval  operation. 


In  cases  where  a rescue  vessel  is  not  near,  the  rescue  boat  is 
assumed  to  maneuver  alongside  the  nearest  lifeboat  or  llferaft 
with  excess  capacity.  The  time  required  to  perform  this  maneuver- 
ing and  discharging  operation  is  computed  as  discussed  above. 

If  the  number  of  survivors  in  the  rescue  boat,  S,  is  less  than 
the  excess  capacity  in  the  lifeboat  or  llferaft,  EXC,  then  all 
S survivors  are  transferred  to  the  lifeboat  or  llferaft.  The 
time  required  to  effect  the  transfer  is  the  same  as  in  the  case 
of  transfer  to  rescue  vessel,  that  is: 


TR 
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The  population  of  survivors  in  the  rescue  boat  is  reset  to  zero 
and  the  excess  capacity  of  the  lifeboats  and  liferafts  is  reduced 
by  S . 

If  the  number  of  survivors  in  the  rescue  boat,  S,  is  greater 
than  the  excess  capacity  In  the  lifeboats  and  liferafts,  EXC, 
then  only  EXC  survivors  can  be  transferred  out  of  the  rescue 
boat.  The  time  to  effect  this  transfer  will  be 


T^„  = EXC*AT^„*F„„ 
TR  TR  SS 


The  excess  capacity  of  the  lifeboats  and  liferafts  is  set  to  zero 
and  the  population  of  survivors  in  the  rescue  boat  is  reduced  by 
EXC.  The  rescue  boat  retrieval  operation  is  modeled  such  that 
it  then  proceeds  to  the  next  man  in  the  water  after  incrementing 
the  time  to  pick  up  survivors,  Tp^,  by  the  time  to  maneuver  along- 
side the  lifeboat  or  llferaft,  T,,,, , and  the  time  to  transfer 

MN 

the  survivors, 

In  cases  where  there  is  no  excess  capacity  in  the  lifeboats  and 
liferafts,  then  the  model  assumes  that  no  one  can  be  transferred 
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5. 


COMPUTER  SIMULATION 


Two  computer  simulations  were  developed  to  perform  effectiveness 
analyses  of  rescue  boat  characteristics:  one  simulating  the  man 
overboard  casualty  and  the  other  ship  abandonment.  The  simulations 
are  of  a statistical  nature;  this  choice  was  necessary  because  of 
the  large  number  of  alternative  events  and  the  random  nature  of 
many  of  these  events  which  produce  a wide  spectrum  of  scenarios 
in  which  rescue  boats  must  perform.  Analysis  of  rescue  boat 
performance  in  a "typical"  or  "average"  scenario  could  lead  to 
misleading  conclusions.  Through  the  use  of  these  simllations, 
rescue  boat  performance  can  be  analyzed  in  a properly  weighted 
selection  of  elements  of  the  scenario  spectrum.  Statistics  of 
the  simulated  performance  are  more  truly  representative  of  long 
term  performance  of  the  rescue  boat  than  the  results  of  a deter- 
ministic analysis. 

In  both  programs,  the  preparations  to  perform  a simulation  run 
are  accomplished  interactively  between  the  analyst /operator  and 
an  "operator  program".  The  "operator  program”  solicits,  via  a 
CRT  display,  values  for  the  required  input  variables.  The  oper- 
ator responds  to  the  queries  via  the  keyboard. 

The  operator  program  is  structured  for  simplicity  of  use,  to 
minimize  input  errors,  and  to  provide  a large  degree  of  flexibili- 
ty- 

An  overview  of  the  overall  simulation  approach  is  depicted  in 
Figure  5-1.  The  man  overboard  and  abandon  ship  computer  simula- 
tion programs  are  described  in  detail  in  the  Programmer's  Manual, 
Report  No . CG-D-9 - 7 8 . Detailed  instructions  for  using  each 

program  are  contained  in  the  User's  Manual,  Report  No . CG-D- 8 - 7 8 . 


Both  the  Man  Overboard  and  the  Abandon  Ship  Simulations  are 
written  specifically  for  the  problem  Intended  and  are  more  com- 
pact than  an  equivalent  general  purpose  simulation  program.  Both 
simulations  were  designed  for  use  on  the  Wang  2200  System  and  of 
course,  can  be  modified  to  run  on  most  mini  or  microcomputer 
systems  that  have  a BASIC  capability.  One  of  the  primary  moti- 
vations for  writing  the  simulations  for  accomodation  on  a small 
computer  was  the  cost  savings  involved.  Since  the  simulations 
require  a sufficient  number  of  iterations  for  statiscal  conver- 
gence, their  use  on  a larger,  more  expensive  computer  could  be- 
come prohibitive.  PAfiE  IS  BEST  QUILITI  PlfciOIAftMU** 
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5.1  Man  Overboard  Computer  Simulation  Program,  MOBCSM 

The  Man  Overboard  Computer  Simulation  Program  consists  of  three 
distinct  programs  written  in  BASIC.  The  first  program  is  used 
interactively  by  the  analyst  to  obtain  the  information  required 
to  perform  one  or  more  simulations.  This  first  program,  the  Oper- 
tor  Program,  provides  an  interactive  input  scenario  to  the  Operator 
which  asks  for  each  piece  of  information  required  to  complete  the 
data  set  needed  to  perform  a simulation  run.  The  operator  program 
prints  a summary  of  the  information  collected  and  writes  a disk 
file  containing  all  the  Information  required  by  the  second  program. 

The  second  program.  Simulation  Program,  gets  its  input  from  the 
disk  file  written  by  the  Operator  Program,  performs  the  simula- 
tion specified,  produces  the  reports  requested  by  the  user,  and 
writes  a disk  file  containing  the  input  information  and  the  re- 
sults of  the  simulation  performed. 

The  third  program,  the  Output  Program  reads  the  disk  file  created 
by  the  Simulation  program  and  produces  a report. 
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5.2  Abandon  Ship  Program 

The  Abandon  Ship  Computer  Simulation  Program  was  also  written 
in  the  BASIC  computer  language.  This  program  has  the  ability 
to  simulate  a repetitive  sequence  of  events  as  often  as  required 
by  the  dynamics  of  the  program.  This  particular  capability  is 
required  in  the  "Rescue  of  People  in  the  Water"  section  of  the 
model  where  the  rescue  event  sequence  is  repeated  for  each  of 
the  j people  in  the  water  and  there  is  no  specified  upper  limit 
on  the  value  of  j . 

The  program  which  was  written  performs  all  of  the  functions  re- 
quired for  the  abandon  ship  model.  Procedures  for  generating 
random  variates  from  probability  distributions  are  of  course 
provided  and  include  the  Rayleigh  distribution. 

As  in  the  man  overboard  model,  input  data  is  assembled  for  a 
simulation  via  an  Interactive  exchange  between  the  operator/ 
analyst  a>id  an  Operator  Program.  The  operator  enters  the  desired 
values  of  rescue  boat  characteristics  and  ship  and  casualty  types 
in  response  to  queries  presented  on  a CRT  display.  Ordinarily, 
the  ship  and  casualty  characterisltics  are  set  at  standard  values 
contained  within  the  operator  program  unless  the  operator  indicates 
(by  response  to  the  respective  CRT  query)  a desire  to  override 
selected  characteristics;  in  this  case  the  operator  program  enters 
the  override  mode  and  poses  the  additional  questions. 


74 


6. 


EFFECTIVENESS  ANALYSIS 


6.1  Man  Overboard  Model 

The  Man  Overboard  Computer  Simulation  Model  (MOBCSM)  provides 
the  capability  to  study  the  effects  of  fourteen  characteristics 
on  the  performance  of  rescue  boats  on  eight  ship  types  In  man 
overboard  situations.  The  MOBCSM  was  exercised  to  evaluate  the 
effect  of  variations  In  ten  of  the  most  significant  rescue  boat 
characteristics  on  a single  ship  type  and  the  effect  of  varia- 
tion In  one  of  these  (the  mean  time  to  perform  the  standard 
maneuver)  for  each  of  the  eight  ship  types.  This  exercise 
shows  the  relative  Importance  of  the  various  rescue  boat  charac- 
teristics to  the  performance  of  the  rescue  system;  the  relative 
Importance  of  the  rescue  boat  on  various  ship  types,  the  rela- 
tive effect  of  a single  rescue  boat  characteristic  on  alterna- 
tive ship  types,  and  It  also  demonstrates  the  ability  of  the 
simulation  model  to  perform  effective  analyses  of  these  various 
parameters.  The  model  Is  rich  In  its  capability  to  study  the 
effect  of  combinations  of  fourteen  rescue  boat  characteristics, 
eight  ships  types,  and  three  specific  ship  characteristics.  The 
cases  studies  to  date  are  just  a small  fraction  of  the  cases  that 
can  and  should  be  studied  to  gain  a complete  understanding  of 
the  effect  of  rescue  boat  characteristics  on  the  rescue  rate  in 
man  overboard  situations  on  various  ship  types. 

The  study  of  the  effect  of  rescue  boat  characteristics  was 
performed  by  varying  each  rescue  boat  characteristic,  one  at 
a time,  about  a common  "baseline"  case.  The  baseline  case  Is 
that  of  a conventional  U.S.C.G.  approved  ship's  motor  lifeboat 
as  it  would  currently  be  used  in  a man  overboard  situation  on 
a typical  large,  modern  container sh ip . The  studies  thus  indicate 
how  the  rescue  rate  of  man  overboards  would  be  changed  if  rescue 
boats  were  used  which  had  characteristics  differing  from  conven- 
tional lifeboats  In  the  indicated  ways. 
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The  baseline  case  ship  Is  710  feet  long,  underway  at  23  knots, 
and  has  a mean  course-keeping  error  of  one  degree.  Five  per- 
cent of  the  time  the  ship  is  unable  to  turn  to  the  man  in  the 
water  because  of  being  in  restricted  waters,  or  for  other  reasons. 
The  other  characteristics  of  the  ship  and  the  environmental  condi- 
tions are  as  listed  in  Table  VI. 

Characteristics  of  the  rescue  boat  (or  lifeboat)  studied  are: 


1) 

a smooth  water  speed  of  6 

knots  , 

2) 

a speed  of  3 

knots  in  seas 

of  eight 

feet  significant 

wave  height , 

3) 

an  open  boat 

with  two  feet 

of  freeboard. 

4) 

the  height  of  the  lookout' 

s eye 

a t 

eight  feet 

above  the  waterline. 

5) 

2 minutes  to 

prepare  for  launch 

from  conventional 

davits. 

6) 

falls  at  the 

bow  and  stern 

with 

a rated  descent 

speed 

of  100  feet 

per  minute  , 

7) 

a sea  state 

capability  such  that 

a 

prudent  ship' 

s 

captain  would  not  attempt 

a launch 

in  seas  over 

20 

f eet , 

8)  a maximum  launch  speed  of  2 knots, 

9)  a rated  time  to  perform  the  "standard  maneuver"  of 
1.25  minutes , and 

10)  a 2A  hour  fuel  endurance  at  rated  power. 

The  boat  is  used  for  rescue  in  the  conventional  manner,  that  is, 
when  a man  falls  overboard  the  boat  is  made  ready  for  launch  and 
held  aboard  the  ship  until  the  ship  has  returned  close  to  the 
man  and  slowed  (or  stopped)  to  a speed  at  which  the  boat  can  be 
safely  launched. 

Figure  6-1  shows  the  results  of  1000  man  overboard  simulations 
of  the  baseline  case.  A total  of  284  persons  were  rescued  by 
the  rescue  boat;  this  rescue  rate  of  0.284  is  highlighted  in 
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TABLE  VI 


SHIP  CHARACTERISTICS:  Baseline  Case 


Element 

Number 

Variable 

Description 

1 

Ls 

Ship  Length 

2 

Vs 

Ship  speed 

3 

^SLo 

Time  to  stop 

4 

Height  of  lookout's  eye 

5 

P5 

Probability  ship  is  restricted  from  turning 

6 

Mode  of  sign,  wave  heights  in  mid-summer 

7 

Mode  of  sign,  wave  heights  in  mid-winter 

8 

Freeboard  of  ship 

9 

Mean  water  temperature  in  mid-summer 

10 

Mean  water  temperature  in  mid-winter 

11 

ho 

Probability  MOB  will  be  recovered  by 
ship  rather  than  rescue  boat 

12 

Mean  heading  error 

710  Ft 
23  Knots 
2.6  Min. 

60  Ft. 
0.5 

3.0  Ft. 

5.0  Ft. 

24.0  Ft. 
70°F 
380F 
0.05 

1° 


FIGURE  6-1 
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Figure  6-1  by  the  boxed  asterisks.  Note  that  the  total  num- 
ber of  persons  rescued  was  303;  the  additional  19  were  res- 
cued directly  by  the  ship.  Four  hundred  fifty  six  (456) 
people  were  actually  recovered  from  the  water  by  the  rescue 
boat.  The  difference  between  the  number  of  people  recovered 
by  the  rescue  boat  (456)  and  the  number  actually  saved  (284) 

Is  the  number  of  people  lost  during  transfer  (172)  from  the 
boat  to  the  ship  reflecting  the  hazardous  aspect  of  this  phase 
of  the  rescue  operation. 

The  performance  of  the  rescue  boat  in  recovering  the  MOB 
(exclusive  of  searching  for  him  in  those  5 percent  of  the  simu- 
lated incidents)  is  more  directly  measured  by  the  ratio  of  the 
number  recovered  to  the  number  of  MOBs  found.  This  ratio  can 
be  considered  the  rescue  boat's  "effe  tiveness".  In  the  base- 
line case  this  ratio  is  456  to  565  for  an  effectiveness  of  0.807. 

Note  that  the  statistics  of  the  simulation  indicate  that  435 
MOBs  perish  before  they  are  found  (1000-565).  Since  the  speci- 
fication of  the  baseline  case  calls  for  the  ship  to  conduct  the 
search  in  95  percent  of  the  simulated  incidents,  these  43.5% 
of  the  MOBs  were  lost  largely  without  regard  to  the  rescue  boat's 
characteristics.  The  ship  (or  boat)  managed  to  reach  the  MOBs 
position  in  574  of  the  incidents,  therefore  only  9 were  lost  be- 
cause they  could  not  be  seen  when  the  ship  or  boat  reached  their 
position  (i.e.  when  the  navigational  error  exceeded  the  distance 
of  visibility). 

The  results  of  the  simulation  show  that  a MOBs  chance  of  being 
saved  is  strongly  dependent  upon  whether  he  was  seen  entering 
the  water  or  not.  Consistent  with  the  statistical  inputs'to  the 
MOBCSM,  63.9%  of  the  MOBs  in  the  baseline  case  were  seen  enter- 
ing the  water.  Figure  6-1  shows  the  separate  outcomes  of  these 
and  those  of  the  36.1%  who  were  not  seen  falling  overboard. 

The  breakdown  of  the  disposition  of  the  MOBs  in  each  category 


79 


can  be  visualized  in  the  chart  shown  in  Figure  6-2.  The  most 
striking  feature  of  Figure  6-2  is  the  wide  disparity  in  the 
numbers  of  people  still  alive  when  the  bridge  is  notified  that 
a man  has  fallen  overboard.  There  are  two  reasons  for  this; 
first,  when  the  man  is  seen  falling  overboard  it  is  never  more 
than  four  minutes  until  the  bridge  is  notified,  and  usually 
much  sooner.  When  the  man  is  not  seen  falling  overboard,  how- 
ever, the  bridge  is  never  notified  sooner  than  15  minutes  later; 
the  mean  time  for  this  notification  is  more  like  56  minutes. 

Thus,  the  survival  time  for  a man  who  is  not  seen  falling  over- 
board is  far  more  likely  to  be  exceeded  before  the  bridge  is 
notified  that  he  is  missing  than  is  the  case  when  he  is  seen 
falling  overboard.  The  second  reason  is  that  a man  who  is  not 
seen  falling  overboard  is  only  one-fourth  as  likely  to  be  wear- 
ing a personal  floatation  device  than  a man  who  is  seen  falling 
overboard.  Consequently,  these  people  who  are  not  seen  falling 
overboard  must  not  only  wait  a longer  time  for  rescue  action 
but  they  must  do  so,  for  the  most  part,  without  the  assistance  of 
personal  floatation  devices.  This  all  leads  to  far  fewer  of  the 
people  who  are  not  seen  entering  the  water  being  alive  when  the 
bridge  is  notified  than  otherwise. 

The  chart  shows  that  more  people  in  the  "seen"  than  the  "not 
seen"  category  are  lost  while  the  ship  is  returning  to  their 
position  (98  versus  69)  but  this,  of  course,  is  due  to  more 
lives  being  at  risk.  Only  35  percent  of  the  "not  seen"  MOBs, 
versus  8A  percent  of  the  "seen"  MOBs,  are  still  alive  when  the 
ship  returns  to  their  position. 

As  modelled,  the  ability  of  the  ship  (or  boat)  to  return  to 
the  MOBs  true  position  is  shown  to  be  an  insignificant  factor 
in  the  rescue  effort.  All  of  the  "not  seen"  MOBs  and  all  but 
9 of  the  "seen"  MOBs  who  were  still  alive  were  found  when  the 
ship  returned  to  a position  abeam  of  where  the  man  fell  overboard 


MAN  OVERBOARD  SIMULATION 


6-2.  CHART  OF  NUMBER  OF  PEOPLE  ALIVE  OR  DEAD  AT  COMPLETION 


Of  the  528  "seen"  MOBs  who  were  found,  438  (83  percent)  are 
recovered  from  the  water  by  the  rescue  boat.  Only  i8  of  the 
37  "not  seen"  MOBs  (49  percent)  are  recovered.  Again,  the 
higher  fatality  rate  for  the  "not  seen"  category  of  MOBs  is 
due  to  the  long  period  of  time  they  must  spend  in  the  water. 

By  the  time  the  rescue  boat  is  able  to  go  to  their  rescue,  a 
much  larger  percentage  of  the  MOBs  who  were  not  seen  falling 
overboard  are  close  to  the  limit  of  their  survival  time.  It  is 
no  fault  of  the  rescue  boat  that  so  many  of  these  MOBs  are  lost 
shortly  after  the  rescue  boat  is  launched.  Nevertheless,  short- 
ening the  time  from  the  MOB  being  found  to  getting  him  on  board 
the  rescue  boat  is  one  of  the  most  basic  ways  in  which  changes 
in  rescue  boat  characteristics  can  improve  the  rescue  rate. 

Finally,  the  ratio  of  MOBs  who  get  back  aboard  the  ship  to  those 
who  were  recovered  by  the  rescue  boat  is  about  the  same  for  both 
categories  . 

Table  VII  summarizes  the  disposition  of  individuals  who  fall 
overboard.  It  is  clear  that  the  major  problem  in  saving  people 
who  fall  overboard  is  that  of  quickly  detecting  that  they  have 
fallen  overboard.  The  number  of  people  who  are  recovered  from 
the  water  by  the  rescue  boat  would  have  been  229  more  if  those 
who  were  not  seen  falling  overboard  had  been  seen.  This  is  more  than 
twice  the  number  of  additional  people  who  would  have  been  saved 
if  the  rescue  boat  performed  perfectly  and  rescued  every  single 
MOB  who  is  found. 

The  second  largest  cause  of  loss  of  men  overboard  is  in  their 
recovery  from  the  boat  to  the  ship  after  being  removed  from  the 
water.  This  is  frequently  exacerbated  by  the  loss  of  all  or 
some  of  the  rescue  boat  crew  as  well. 


TABLE  VII 


PRINCIPAL  CAUSES  OF  LOSSES  OF  MEN  OVERBOARD 

Percent 

Lost  before  bridge  knows  man  is  overboard  25.8 

Lost  due  to  failure  of  boat  recovery  after  rescue  17.2 

Lost  during  rescue  boat  operations  10.9 

Lost  while  ship  (or  boat)  returns  to  man  who  9.9 

was  seen  falling  overboard 

Lost  while  ship  (orboat)  returns  to  man  who  6.9 

was  not  seen  falling  overboard 

Lost  because  ship  (or  boat)  can  not  find  man  0.9 

who  was  seen  falling  overboard 

Saved  2 8 . A 

TOTAL  100.0% 
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One  of  the  most  obvious  areas  for  improvement  In  the  rescue 
rate  of  man  overboards  (at  least  as  far  as  the  performance  of 
the  rescue  boat  can  affect  it)  is  the  quickness  of  the  boat  in 
getting  from  the  side  of  the  ship  to  the  man  in  the  water.  As 
discussed  earlier  (in  Section  4.1.5),  this  quickness  is  a func- 
tion of  a number  of  the  rescue  boat's  attributes  including  its 
speed,  maneuverability,  and  seaworthiness;  all  of  which  have 
been  aggregated  in  a single  performance  characteristic  called 
the  "rated  time  to  perform  the  standard  maneuver",  Tgjj^.  The 
effect  of  this  characteristic  on  the  rescue  rate  was  examined 
with  the  MOBCSM  by  varying  the  value  assumed  for  the  baseline 
case  while  holding  the  values  of  all  other  variables  constant. 

The  results  are  shown  in  Figure  6-3.  They  confirm  the  expecta- 
tion that  the  rescue  rate  can  be  improved  by  increasing  the  rescue 
boat  speed  in  performing  the  standard  maneuver.  The  sensitivity, 
however,  is  somewhat  low.  If  sensitivity  is  defined  as  the  per- 
centage change  in  the  rescue  rate  due  to  the  change  in  Tgj,^  divided 
by  the  percentage  change  in  Tgj^,  then  the  sensitivity  turns  out 

to  be  10%.  The  effect  of  the  time  to  perform  the  standard  maneu- 
ver on  the  rescue  boat's  "effectiveness"  in  rescuing  men  over- 
board who  have  been  found  is  shown  in  Figure  6-4.  The  rescue 
boat  "effectiveness"  is  defined  as  the  ratio  of  the  number  of 
people  saved  to  those  still  alive  when  the  rescue  boat  begins  its 
rescue  effort.  These  are  the  only  people  whose  destiny  can  be 
influenced  by  a change  in  rescue  boat  characteristics  and  so  the 
"effectiveness"  is  a more  direct  measure  of  rescue  boat  perfor- 
mance than  the  rescue  rate.  The  rescue  rate  does,  however,  put 
the  issue  of  rescue  boat  performance  in  its  proper  context  and 
identifies  the  limitations  on  boat  Improvements  in  reducing  loss 
of  life.  Figure  6-4  shows  that  rescue  boat  effectiveness  is 
improved  2.4  percent  (from  0.807  to  0.831)  when  the  time  to  per- 
form the  standard  maneuver  is  reduced  by  a factor  of  two  from 
1.25  to  0.65  minutes  and  reduced  6.7  percent  (from  0.807  to 
0.740)  when  the  time  is  doubled  from  1.25  to  2.5  minutes. 
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In  a separate  analysis,  histograms  of  the  times  in  which  each 
MOB  in  the  simulation  was  saved  by  the  rescue  boat  were  generated. 
These  help  to  develope  an  understanding  of  the  mechanism  by  which 
the  rescue  boat's  speed  in  performing  the  standard  maneuver 
impacts  the  rescue  rate.  In  Figure  6-5  the  histogram  for  the  time 
to  be  saved  is  superimposed  on  the  survival  time  of  all  1000  people 
who  fell  overboard  for  the  baseline  case  where  the  standard  maneu- 
ver time  is  1.25  minutes.  It  can  be  seen  that  the  boat  is  almost 
totally  effective  in  rescuing  those  few  people  who  have  a rela- 
tively long  survival  time,  say  greater  than  30  minutes.  The  res- 
cue rate  decreases  sharply  as  the  survival  time  falls  below  30 
minutes.  Only  6.6  percent  of  the  people  with  a survival  time  less 
than  10  minutes  (the  modal  time  for  the  77  percent  who  do  not  have 
floatation)  are  rescued.  A similar  comparison  of  the  rescue  time 
and  survival  time  histograms  for  the  case  where  the  time  to  per- 
form the  standard  maneuver  is  reduced  to  0.65  minutes  is  shown  in 
Figure  6-6.  While  there  is  little  change  in  the  overall  rescue 
rate,  there  is  a significant  increase  in  the  rescue  rate  of  people 
with  short  survival  times.  For  example,  the  rescue  rate  for 
people  with  survival  times  less  than  10  minutes  nearly  doubles 
to  12.4  percent.  A histogram  of  the  additional  people  saved  due 
to  cutting  the  standard  maneuver  time  in  half  is  shown  in  Figure 
6-7  (corrected  for  statistical  variations)  and  reveals  that  the 
impact  on  the  rescue  rate  is  greatest  for  the  shortest  survival 
time  category,  as  expected. 

The  effect  of  variations  in  the  time  to  perform  the  standard  man- 
euver was  examined  for  each  of  the  eight  standard  ship  types.  The 
results  are  shown  in  a composite  graph  in  Figure  6-8.  The  lower 
rescue  boat  effectiveness  for  fishboats,  tugs,  and  ferries  when 
compared  to  the  other  five  ship  types  reflects  the  greater  like- 
lihood that  the  MOB  will  be  recovered  directly  by  the  vessel 
itself.  The  slope  of  the  tugboat  curve  is  more  pronounced  than 
that  of  the  flshboat  and  ferry  curves;  this  reflect  a greater 
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sensitivity  to  the  time  to  perform  the  standard  maneuver,  be- 
cause the  tugboat  is  specified  to  be  restricted  from  turning 
(due  to  having  a tow)  50  percent  of  the  time  while  the  others 
are  restricted  only  5 percent  of  the  time. 

The  effect  of  the  wave  height  limit,  on  the  rescue  boat 

effectiveness  is  shown  in  Figure  6-9.  This  boat  characteristic 
is  intended  to  reflect  the  sea  state,  quantified  by  the  signi- 
ficant wave  height,  that  the  average  ship's  captain  would  judge 
to  be  too  severe,  considering  the  boats  seaworthiness,  to  safely 
launch  the  boat.  The  lower  the  boat’s  wave  height  limit,  the 
more  frequently  the  simulated  sea  state  will  preclude  the  possi- 
bility of  launching  the  rescue  boat.  In  actual  practice,  in  ex- 
treme storm  conditions  a search  for  the  man  overboard  is  seldom 
conducted  since  it  is  realized  that  there  is  little  hope  of  res- 
cuing the  man.  The  results  shown  in  Figure  6-9  show  that  the  res 
cue  boat  effectiveness  drops  from  0.807  to  0.738  when  the  wave 
height  limit  is  decreased  from  20  to  10  feet  but  only  increases 
to  .819  when  the  wave  height  limit  is  Increased  to  30  feet.  This 
is  because  of  the  nature  of  the  probability  curve  from  which  the 
sea  state  is  generated.  Wave  heights  between  10  and  20  feet  are 
far  more  frequently  simulated  than  waves  between  20  and  30  feet, 
therefore  the  rescue  boat  is  precluded  from  being  launched  far 
less  often  when  the  wave  height  limit  is  decreased  from  30  to  20 
than  when  it  is  decreased  from  20  to  10  feet.  This  suggests  that 
while  improvements  in  seaworthiness  beyond  that  of  conventional 
motor  lifeboats  would  not  be  an  Important  factor  in  improving 
rescue  performance,  the  standards  should  not  be  reduced. 

One  element  in  the  rescue  of  a man  overboard  that  gets  much  atten 
tion  is  the  time  to  prepare  the  boat  for  launch.  When  man  over- 
board drills  are  conducted,  the  measure  of  success  of  the  drill 
is  usually  the  time  interval  from  the  sounding  of  the  alarm  to 
the  boat  being  reported  ready  for  launch.  Although  the  time  to 
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prepare  the  boat  for  launch  is  primarily  a characteristic  of 
the  crew,  it  is  to  some  extent  a characteristic  of  the  boat 
and  its  launching  system.  Design  features  can  enable  the  boat 
to  be  prepared  more  quickly.  The  results  of  varying  the  time  to 
prepare  the  boat  for  launch  are  shown  in  Figure  6-10.  There  is 
little  discernable  effect  in  the  rescue  boat  effectiveness  due 
to  variations  in  the  time  to  prepare  the  boat  for  launch.  This 
is  explained  by  noting  that  the  boat  is  prepared  for  launch  while 
the  ship  is  turning,  searching,  and  slowing;  a period  when  the 
boat,  as  conventionally  used,  would  not  be  launched  in  any  case. 
Thus,  improvement  in  the  launch  preparation  time  has  not  been 
proven  to  be  a very  fruitful  method  for  improvement  of  the  rescue 
rate,  at  least  for  a conventional  system.  Launch  preparation 
time  is  potentially  Important  under  other  conditions,  such  as  a 
tug  with  tow  or  anchored  vessel  (or  drilling  rig  on  site), 
where  the  rescue  boat  must  perform  the  search  as  well,  or  in  the 
case  of  a highly  capable  boat  which  is  intended  to  be  launched  as 
quickly  as  possible  regardless  of  the  ship's  disposition. 

The  effect  of  the  rated  descent  speed  of  the  davit  system  was  ana- 
lysed by  varying  it  from  50  to  200  ft.  per  minute.  The  results 
are  shown  in  Figure  6-11.  It  was  found  that  extremely  fast  des- 
cent speeds  do  not  Improve  the  rescue  rate  appreciably  but  on 
the  other  hand,  extremely  slow  speeds  significantly  degrade  the 
rescue  boat  effectiveness.  The  conclusion  that  can  be  drawn  Is 
that  the  conventional  speed  of  100  feet  per  minute  is  adequate 
for  an  effective  rescue  system. 

The  speed  to  which  the  ship  must  slow  in  order  to  launch  the  boat 
was  analyzed  and  found  to  be  not  a factor  in  the  rescue  boat  effect 
Iveness.  The  results  are  shown  in  Figure  6-12. 


The  effect  of  freeboard  between  one  and  four  feet  is  shown  in 
Figure  6-13.  It  was  found  that  moderate  changes  in  the  free- 
board have  little  effect  on  the  rescue  boat  effectiveness  al- 
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though  it  Is  expected  that  very  high  freeboards  would  degrade 
rescue  performance  If  some  auxiliary  means  were  not  provided 
to  remove  a helpless  survivor  from  the  water.  The  reason  for 
the  low  sensitivity  of  the  rescue  rate  to  moderate  changes  in 
the  freeboard  is  that  removing  the  man  from  the  water  takes  a 
relatively  small  portion  of  the  total  rescue  time. 

To  determine  the  extent  to  which  enclosures  Impede  the  rescue 
performance,  the  percent  of  length  of  the  rescue  boat  that  is 
open  was  varied  from  10  to  100  percent.  The  results  are  shown 
in  Figure  6-14.  There  is  no  significant  difference  in  the  rescue 
boat  effectiveness  between  50  percent  and  100  percent  open  boats. 
With  only  10  percent  of  the  gunwale  length  open,  however,  the  res- 
cue boat  effectiveness  falls  to  0.35.  The  exact  shape  of  the 
curve  is  yet  to  be  determined  but  the  general  conclusion  can  be 
drawn  that  while  some  amount  of  open  rail  space  is  required  to 
facilitate  a speedy  rescue,  a completely  open  boat  is  not  essen- 
tial for  good  performance. 

In  general,  a change  in  the  time  to  perform  the  standard  maneu- 
ver, l.e.  the  boat's  agility,  will  be  associated  with  a corres- 
ponding change  in  the  rescue  boat  speed.  In  these  analyses,  the 
effect  of  boat  characteristics  are  evaluated  one  at  a time  in 
order  to  better  understand  the  mechanism  by  which  each  character- 
istic affects  the  rescue  rate.  In  the  analyses  of  the  effect  of 
the  time  to  perform  the  standard  maneuver,  the  boat  speed  in 
calm  water  was  held  constant  at  6 knots.  The  results  of  an 
analysis  of  rescue  boat  speed  with  time  to  perform  the  standard 
maneuver  held  constant  at  the  baseline  value  of  1.25  minutes 
are  shown  in  Figure  6-15.  Since  the  significance  of  rescue  boat 
speed  to  the  rescue  rate  is  solely  through  the  effect  of  the  num- 
ber of  MOBs  found  alive.  Figure  6-15  shows  the  fraction  of  MOBs 
found  alive.  When  the  ship  cannot  (or  does  not)  participate  in 
the  search,  the  effect  of  boat  speed  is  pronounced,  as  would  be 
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expected.  Only  11  percent  of  all  MOBs  are  found  alive  when  the 
rescue  boat  speed  is  5 knots.  The  rate  increases  rapidly  as  boat 
speed  is  Increased  but  seems  to  peak  at  30  knots.  When  the  ship 
and  boat  both  are  used  to  conduct  the  search,  the  effect  of  boat 
speed  on  the  fraction  of  people  found  is  considerably  less  since 
the  ship  (as  shown  by  the  results  of  the  baseline  case)  Is  reason- 
ably successful  at  finding  the  MOB  alive  at  its  23  knot  speed. 

In  fact,  the  results  of  the  baseline  case  show  that  the  ship 
failed  to  find  only  9 MOBs  who  were  alive  when  the  ship  returned 
abeam  of  their  position.  Thus  the  use  of  a boat  with  a slower 
speed  then  the  ship's  has  the  potential  to  improve  the  rescue  rate 
by  only  9 lives  even  if  it  performed  perfectly. 

Figure  6-16  shows  the  effect  of  boat  speed  on  rescue  boat  effect- 
iveness after  the  man  is  found.  The  higher  rescue  boat  effect- 
iveness when  only  the  rescue  boat  conducts  the  search  is  due  to 
the  boat  being  in  the  water,  thereby  eliminating  the  time  required 
to  launch  the  boat  before  it  can  proceed  to  the  man. 

All  of  the  analyses  described  to  this  point  concerned  variations 
of  a single  parameter.  Any  combination  of  the  25  variables 
available  in  the  MOBCSM  can  be  changed  as  the  analyst  desires 
but  the  results  become  Increasingly  difficult  to  explain  as  the 
number  of  parameters  varied  at  one  time  increases.  The  effect  of 
time  to  perform  the  standard  maneuver  on  ships  of  various  speeds: 
23,  18,  and  12  knots.  Illustrates  the  variation  of  two  parameters. 
The  results  are  shown  in  Figure  6-17.  The  main  effect  of  ship's 
speed  on  the  rescue  rate  is  in  the  time  it  takes  to  turn.  While 
a faster  ship  negotiates  the  turning  path  at  a higher  speed  it 
generally  has  a larger  turning  circle  diameter.  The  effect. is  non- 
linear and  consequently,  the  results  shown  in  Figure  6-17  show 
the  18  knot  ship  having  consistently  higher  rescue  boat  effective- 
ness because  it  negotiates  the  turn  faster  than  the  12  or  23  knot 
ships. 
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The  baseline  case  incorporates  a conventional  double  fall  davit 
system.  The  effect  of  a single  fall  system  on  the  rescue  rate 
was  also  examined  by  changing  this  parameter  only.  The  rescue 
rate  Increased  from  0.303  to  0.321  primarily  because  the  number 
lost  during  transfer  from  the  rescue  boat  back  aboard  the  ship 
decreased  from  172  to  168. 


6.2  Abandon  Ship 

The  Abandon  Ship  Computer  Simulation  Model  (ASCSM)  provides  the 
capability  to  study  the  effect  of  eight  rescue  boat  characteristics 
on  the  performance  of  rescue  boats  on  eight  ship  tvpes  involved  in 
nine  types  of  ship  casualties  leading  to  ship  aban<'Onment  . 

The  effect  of  variation  in  the  six  most  important  rescue  boat 
characteristics  on  the  rescue  rate  was  studied  by  varying  each 
characteristic  one  by  one  while  holding  all  of  the  other  charac- 
teristics constant  at  the  values  corresponding  to  a "baseline" 
case.  The  baseline  corresponds  to  a conventional  ship's  lifeboat 
used  as  the  rescue  boat  in  the  abandonment  of  a con ta iner ship 
involved  in  an  explosion  and  sinking  casualty.  Figure  6-18  shows 
the  results  of  the  simulation  of  the  baseline  case  (designated 
Serial  No.  AS  102)  and  is  representative  of  the  program  output 
for  the  Abandon  Ship  Simulations.  The  single  page  output  sheet 
for  each  simulation  run,  shown  in  Figure6-18,  also  displays  the 


values  of  the  rescue  boat,  ship,  and  the  primary  casualty  char- 
acteristics which  constitute  the  input  data  for  the  particular 
case  being  analyzed. 

Figure  6-18  shows  that  over  the  300  simulated  abandon  ship  inci- 
dents, the  rescue  rate  was  0.308,  that  is,  30.8  percent  of  the 
people  who  entered  the  water  due  to  the  casualty  and  subsequent 
abandonment  were  rescued  by  the  rescue  boat.  The  rescue  rate 
does  not  mean  that  these  are  the  only  people  rescued  and  that 
the  rest  are  lost  because  people  not  rescued  by  the  rescue  boat 
may  be  rescued  by  other  means  such  as  lifeboats  or  llferafts 
or  boats  from  nearby  vessels,  etc.  The  rescue  rate  as  used  in 
the  ASCSM  is  intended  to  provide  a direct  measure  of  the  rescue 
boat's  performance  only;  it  is  not  intended  to  consider  the  total 
rescue  performance. 

Figure  6-18  also  shows  that  over  the  300  simulated  abandon  ship 
incidents  there  were  an  average  of  3.01  people  in  the  water  each 
time,  and  in  individual  simulations,  as  few  as  none  and  as  many 
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as  six  people  In  the  water.  This  is  consistent  with  the  character- 
istics modeled  of  the  explosion  and  sinking  type  casualty  since 
on  the  average  one  man  is  blown  overboard  by  the  explosion  and 
five  percent  of  the  40  man  crew,  or  two  men,  are  isolated  from 
the  lifeboats  and  have  to  abandon  ship  by  jumping  overboard.  The 
rescue  boat  was  able  to  perform  the  rescue  task  in  only  186  of 
the  300  Incidents  because  in  15  incidents  the  boat  was  damaged 
by  the  explosion  and  in  99  incidents  the  rescue  boat  launch 
failed  due  to  the  combined  effects  of  the  sea  state  and  the  ship's 
heel  angle  during  sinking. 

It  is  also  observed  in  Figure  6-18  that  there  were  no  incidents 
where  people  in  the  water  were  not  able  to  be  rescued  by  the 
rescue  boat  due  to  a lack  of  boat  or  raft  capacity.  This  is  so 
because  any  combination  of  two  of  the  contalne rshlp ' s two  life- 
boats, liferaft,  and  fifteen-man  rescue  boat  provides  sufficient 
capacity  for  all  people  on  board.  Thus,  three  of  the  ship’s  four 
survival  craft  would  have  to  be  lost  (which  is  an  unlikely  event) 
for  there  to  be  Insufficient  capacity. 

Of  the  186  Incidents  when  the  rescue  boat  was  available.  It  suc- 
ceeded in  rescuing  an  average  of  1.49  people  per  incident,  for 
an  average  of  49  percent  of  the  people  in  the  water  each  time. 

In  Individual  simulations  the  boat  rescued  as  few  as  none  and 
as  many  as  five  people  from  the  water. 

The  capacity  of  the  rescue  boat  in  the  baseline  case  was  postu- 
lated to  be  15  men  plus  the  two  man  crew.  Since  no  more  than 
6 people  were  in  the  water  in  any  one  Incident  this  capacity 
is  more  than  adequate.  It  is  also  a reasonable  capacity  since 
a standard  ship's  lifeboat  can  easily  accommodate  that  many. 

It  is  apparent  then,  that  the  rescue  rate  would  only  be  affected 
when  the  boat's  capacity  falls  below  five  since  this  is  the  most 
that  the  fifteen-man  capacity  boat  ever  rescued.  The  simulation 
was  rerun  changing  only  the  boat  capacity.  A plot  of  the  results 
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given  as  the  rescue  rate  versus  the  boat  capacity  is  shown  in 
Figure  6-19.  The  results  show  a drop  in  the  rescue  rate,  as  ex- 
pected, when  the  capacity  is  reduced  below  five  persons.  In  cases 
when  the  capacity  of  the  boat  is  less  than  13  and  both  lifeboats 
become  unavailable,  due  to  the  effects  of  the  casualty,  it  is 
conceivable  that  the  boat  will  not  be  able  to  rescue  all  the 
people  in  the  water  since  both  the  rescue  boat  and  the  liferaft 
could  be  filled  to  capacity.  Therefore,  there  is  a slight  ad- 
ditional decrease  in  the  rescue  rate  when  the  boat  capacity  is 
reduced  below  13  because  of  this  slight  increase  in  the  number 
of  times  the  rescue  boat  is  unavailable  for  rescue  work.  This 
effect  is  reduced  in  the  case  of  collisions  since  another  vessel 
is  assumed  to  be  available  for  the  rescue  boat  to  transfer  sur- 
vivors when  it  becomes  full. 

A tentative  c elusion  of  this  analysis  Is  that  the  rescue  boat 
capacity  should  be  about  10  to  15  percent  of  the  total  people  on 
board  the  ship  and  that  there  is  little  advantage  of  having 
boats  of  larger  capacity. 

In  the  same  manner,  the  effect  on  the  rescue  rate  of  the  time 
to  launch  the  boat  was  investigated  by  varying  this  parameter  from 
the  baseline  value  while  holding  all  other  rescue  boat  character- 
istics constant.  Figure  6-20  shows  the  results  of  this  analysis 
as  well  as  a similar  analysis  for  tankers  extended  to  extreme 
values  of  time  to  launch  the  boat.  The  results  show  that  the 
rescue  rate  is  strongly  affected  by  the  time  to  launch  emphasizing 
the  well  known  importance  of  quick  action  in  launching  the  boat 
in  an  emergency.  However  the  potential  impact  on  the  rescue 
rate  as  a result  of  shortening  the  time  to  launch  the  boat  is 
small  since  conventional  boats  can  already  be  launched  reasonably 
fast.  Thus,  for  example,  if  the  launch  time  were  reduced  from 

2 minutes  to  1 minute,  the  rescue  rate  would  only  be  improved 

3 percent  from  0.31  to  0.32.  The  conclusion  is  that  efforts 

to  drastically  shorten  time  to  launch,  if  made  at  the  expense  of 
improvements  in  other  areas,  may  yield  disappointing  results. 
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Current  U.S.C.G.  regulations  require  davits  to  be  fully  opera- 
tional at  heel  angles  up  to  15  degrees.  To  examine  the  effect 
of  higher  values  of  this  requirement  on  the  rescue  rate,  the 
rated  heel  angle  of  the  rescue  boat  davits  was  varied  between 
15  and  27.5  degrees  while  holding  all  other  parameters  constant 
at  the  values  of  the  baseline  case.  Figure  6-21  Indicates  that 
a 15  percent  improvement  of  the  rescue  rate,  from  0.267  to  0.308 
would  result  from  an  increase  in  the  rated  heel  angle  from  15 
degrees  to  20  degrees.  This  5 degree  increase  results  in  a 25 
percent  decrease  in  the  number  of  times  the  rescue  boat  launch 
fails  and  consequently,  a corresponding  Increase  in  the  number 
of  times  it  is  available  to  perform  the  rescue.  Increasing  the 
rated  heel  angle  of  the  davits  beyond  20  degrees  continues  to 
beneficially  affect  the  rescue  rate  but  at  a decreasing  rate 
since  the  assumed  distribution  of  heel  angle  during  sinking 
produces  higher  angles  less  frequently.  The  conclusion  is  that 
the  ability  to  launch  rescue  boats  when  the  heel  angle  is  greater 
than  15  degrees  has  potentially  significant  benefits. 

The  seaworthiness  of  the  boat  is  quantified  by  the  "rated  sea 
state  capability",  expressed  in  units  of  significant  wave  height 
in  feet,  which  is  used  in  the  ASCSM  to  determine  the  probability 
of  successfully  launching  the  boat  in  the  simulated  sea  state. 

To  determine  the  effect  of  this  parameter  on  the  rescue  rate, 
the  rated  sea  state  capability  was  varied  between  10  and  25  feet. 
The  results  of  this  analysis  are  shown  in  Figure  6-22  As  ex- 
pected, the  lower  the  rated  sea  state  capability,  the  lower  the 
rescue  rate  due  to  the  increased  number  of  failures  to  launch 
the  boat.  The  number  of  failures  to  launch  the  boat  increases 
from  99  to  123  when  the  rated  sea  state  capability  is  reduced 
from  20  feet  to  10  feet.  The  sensitivity  to  the  rated  sea  state 
capability  dlminlshts,  however,  as  this  parameter  is  Increased 
because  the  assumed  distribution  of  the  sea  state  produces  very 
high  wave  heights  less  frequently.  The  conclusion  is  that  while 


a reasonable  degree  of  seaworthiness  is  important,  great  improve 
ments  in  the  seaworthiness  of  rescue  boats  can  result  in  only  a 
small  decrease  in  the  number  of  people  lost  during  abandon  ship 
incidents. 

The  performance  of  the  rescue  boat  in  rescuing  people  from  the 
water  is  directly  affected  by  its  "mean  time  to  pick  up  (one 
survivor)",  HTTP.  Because  this  is  expected  to  be  the  most  im- 
portant characteristic  of  a rescue  boat,  it  was  chosen  as  the 
characteristic  to  be  analyzed  for  every  (reasonable)  combination 
of  ship  and  casualty  type.  For  each  such  combination,  the  MTTP 
was  varied  between  0.5  and  4 minutes.  (For  reference  purposes, 
it  is  estimated  that  a conventional  ship's  motor  lifeboat  would 
have  a value  of  MTTP  of  about  one  minute.) 

The  results  of  the  analysis  of  MTTP  for  tankers  being  abandoned 
as  a result  of  six  appropriate  casualty  types  is  shown  in  Figure 
b-23.  The  casualties  (and  their  codes  as  used  in  Figure  23) 
are:  structural  failure  (SF),  fire  (F),  explosion  and  fire  (X&F) 
collision  and  fire  (C&F),  explosion  and  sinking  (X&S),  and  col- 
lision and  sinking  (C&S).  Capsizings  (CAP)  are  not  included  be- 
cause they  are  considered  an  unlikely  casualty  type  for  a tanker 
Foundering  and  grounding  type  casualties  are  not  considered  be- 
cause it  is  assumed  that  no  one  is  either  thrown  overboard  or 
isolated  from  the  lifeboats  in  these  casualty  types. 

The  rate  of  change  of  the  rescue  rate  due  to  changes  in  the  MTTP 
is  about  the  same  for  all  casualties  except  explosion  and  fires 
and  collision  and  sinkings.  The  rescue  rate  is  most  sensitive 
to  the  MTTP  in  the  case  of  the  explosion  and  fire.  The  reason 
for  this  is  that  this  casualty  type  results  in  the  most  people 
entering  the  water  and  therefore  presents  the  largest  task  for 
the  rescue  boat  to  perform.  Figure  6-24  shows  the  results  of 
the  simulation  of  explosion  and  fire  casualties  on  tankers  with 
the  MTTP  set  at  one  minute.  The  casualty  statistics  indicate 
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that  on  the  average  one  person  is  blown  overboard,  five  percent 
of  the  40  man  crew  Is  isolated  from  the  lifeboats,  and  another 
five  percent  is  Isolated  by  the  fire.  In  all,  it  is  assumed  that 
an  average  of  five  people  are  either  blown  overboard  or  have  to 
abandon  ship  by  jumping  overboard.  In  Figure  6-24,  which  shows 
the  results  of  600  simulations,  there  were  an  average  of  5.04 
people  in  the  water.  On  at  least  one  occasion,  ten  people  were 
in  the  water.  The  rescue  rate  is  high  at  0.495  for  this  casualty 
primarily  because  the  casualty  is  fast-developing  and  reduces 
the  amount  of  time  spent  in  the  water  before  a rescue  attempt 
is  made.  The  ship  is  abandoned,  on  the  average,  within  five 
minutes  after  the  casualty  occurs.  However,  when  the  number  of 
people  in  the  water  is  as  high  as  ten  and  the  HTTP  is  one  minute, 
the  last  man  to  be  rescued  must  survive,  on  the  average,  ten 
minutes  beyond  the  start  of  the  rescue  effort  if  he  is  to  be  saved. 
When  the  HTTP  is  reduced  a greater  percentage  of  the  people  in 
the  water  are  able  to  be  rescued  each  time  the  rescue  boat  is 


available  for  use.  Thus,  when  the  HTTP  is  reduced  from  1 minute 
to  0.5  minutes,  the  rescue  rate  Increases  from  0.495  to  0.556 
primarily  because  the  average  number  of  people  saved  per  rescue 
attempt  increased  from  3.71  to  4.04. 


The  collision  and  sinking  casualty  results  shown  in  Figure  6-23 
reveal  that  the  rescue  rate  is  very  low  and  that  the  sensitivity 
of  the  rescue  rate  to  changes  in  the  HTTP  is  also  low.  This  is 


due  to  the  fact  that  few  people  enter  the  water  (on  the  average, 
0.5  people  are  knocked  overboard  by  the  collision)  and  the  rela- 
tively long  time  Involved  (30  minutes,  on  the  average)  for  the 
casualty  to  develop  before  the  ship  is  abandoned  and  the  rescue 
effort  is  presumed  to  start.  Thus,  a change  of  half  a minute  or 
so  in  the  HTTP  is  a relatively  insignificant  change  in  the  total 
time  period  required  to  rescue  the  one  man  who  may  go  in  the 
water  in  this  casualty  type.  It  would  be  far  more  effective  to 
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institute  a policy  to  launch  the  rescue  boat  Immediately  after  a 
collision,  regardless  of  the  decision  to  abandon  the  ship  or  not; 
dogmatic  policies  of  this  nature  are  always  subject  to  exception, 
since  for  example,  a particular  situation  may  require  the  rescue 
boat  crew  to  stay  aboard  to  assist  in  efforts  to  save  the  ship. 

The  next  effect  of  reducing  the  MTTP  of  rescue  boats  carried  by 
tankers  depends  upon  the  relative  frequency  of  occurrence  and 
the  relative  numbers  of  lives  at  risk  in  the  various  types  of 
casulatles.  In  general,  in  view  of  the  few  number  of  lives  at 
risk  in  collision  and  sinkings  and  the  general  invulnerability 
of  tankers  to  sinking,  this  casualty  type  should  not  unduly  in- 
fluence the  type  of  boat  to  be  carried.  The  other  five  casualty 
types  all  show  a significant  sensitivity  to  changes  in  MTTP;  the 
explosion  and  fire  casualty  which  is  the  most  sensitive,  is  per- 
haps the  most  significant  casualty  and  has  the  most  lives  at  risk. 

The  conclusion  is  that  there  are  considerable  opportunities  for 
enhancement  of  the  rescue  rate  during  abandonment  from  tankers 
as  a result  of  reducing  the  MTTP. 

Figure  6-25  shows  similar  results  from  c on t a i ne r s h i p s being  abandoned 
as  a result  of  five  relevent  casualties.  (Massive  explosions, 
for  example,  are  not  considered  as  likely  casualties  for  contain- 
ershlps.)  In  general,  the  results  are  about  the  same  as  for 
tankers.  The  rescue  rate  in  capslzlngs  is  about  the  same  as  for 
collision  and  sinkings  since  both  are  characterized  by  only  a 
few  people  entering  the  water  at  the  time  the  casualty  occurs. 

The  sensitivity  of  the  rescue  rate  to  the  MTTP  is  greater  for 
capsizing,  however,  since  this  casualty  develops  faster  and  a 
change  in  the  time  to  perform  the  rescue  is  a more  significant 
portion  of  the  total  time  the  man  must  spend  in  the  water. 

The  results  of  the  analysis  for  LNG  ships  is  shown  in  Figure 
6-26  and  is  quite  similar  to  the  results  for  tankers. 
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For  flshboats  and  tugs  only  four  casualty  types  are  considered 
appropriate:  fire,  capsizing,  collision  and  fire,  and  collision 
and  sinking.  The  results  of  the  analyses  for  these  two  vessel 
types  are  shown  in  Figures  6-27  and  6-28  The  effect  of  the 
MTTP  on  the  rescue  rate  in  fires,  capslzings,  and  collision  and 
sinkings  follows  the  same  trends  for  both  of  these  vessel  types 
as  it  does  for  the  previous  vessels.  The  rescue  rate  in  collision 
and  fire  casualties  on  flshboats  and  tugs  is  significantly  lower 
than  the  rates  experienced  with  tankers,  LNG  ships,  and  container- 
ships  in  the  same  casualty.  The  reason  for  this  is  that  since 
the  crews  are  small  on  these  vessels,  and  since  the  number  of 
crewmen  isolated  from  the  liferaft  is  assumed  to  be  a percentage 
of  the  crew  size,  the  absolute  number  of  crewmen  who  abandon  by 
jumping  overboard  is  very  small.  On  the  average  only  0.06  people 
become  isolated  from  the  liferaft  on  flshboats  and  0.61  people 
on  tugs.  On  the  average,  however,  it  has  been  inferred  from 
casualty  statistics,  that  0.5  people  are  knocked  in  the  water 
by  the  collision  and  since  it  takes  30  minutes,  on  the  average, 
before  the  rescue  effort  is  initiated,  very  few  of  these  people 
are  saved,  hence  the  low  rescue  rate.  The  same  conclusion  can 
be  drawn  as  in  the  analysis  of  collision  and  sinking  casualties 
for  all  vessel  types;  l.e.,  it  would  be  more  effective  to  start 
the  rescue  effort  soon  after  the  collision  occurs  than  to  attempt 
to  improve  the  rescue  boat  but  then  not  use  it  until  the  decision 
is  reached  to  abandon  ship. 

The  results  of  the  analysis  for  the  barge  carrier  (LASH)  are  shown 
in  Figure  6-29  and  are  similar  to  those  for  containerships . 

The  results  of  the  analysis  for  the  Great  Lakes  bulker  are  shown 
in  Figure  6-30  and  are  also  similar  to  those  for  containerships. 

The  ferry  used  for  analysis  was  postulated  to  be  a 200  person  in- 
ter-island type,  conform  to  Coast  Guard  regulations,  and  consequent 
ly  carry  eight  25- man  liferafts  thereby  providing  capacity  for 
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100  percent  of  the  persons  on  board.  The  rescue  boat  carried 
was  presumed  to  have  a three-person  capacity  plus  a two-man  crew. 

The  results  of  the  analysis  are  shown  In  Figure  6-31  The  rescue 
rate  Is  very  low  for  each  of  the  four  casualty  types.  The  reason 
for  this  can  be  seen  in  the  output  sheet  for  the  simulation  of 
fires  with  a rescue  boat  HTTP  value  of  one  minute  (simulation 
serial  no.  AS  269)  shown  in  Figure  6-32  It  can  be  seen  that, 
on  the  average,  34  percent  of  the  people  in  the  water  are  saved 
when  the  rescue  boat  is  available;  however,  the  boat  is  only 
available  for  rescue  in  48  of  the  300  incidents  simulated.  The 
boat's  launch,  according  to  the  simulation  findings,  failed  37 
times  and  on  232  occasions  the  boat  was  filled  to  capacity  and 
therefore  unable  to  rescue  the  people  in  the  water.  The  rescue 
boat  becomes  filled  to  capacity  whenever  one  or  more  of  the  25- 
man  liferafts  is  damaged.  Furthermore,  the  number  of  people 
represented  by  the  difference  between  the  capacity  of  the  damaged 
liferafts  and  the  rescue  boat's  total  capacity  have  no  means 
of  abandoning  ship  other  than  by  jumping.  The  low  rescue  rates 
for  abandon  ship  casualties  on  ferries  is  therefore  not  a function 
of  rescue  boat  performance  as  such  but  instead  is  heavily  in- 
fluenced by  the  degree  of  redundancy  in  the  basic  1 i f e boa t / 1 i f e - 
raft  suit.  This  redundancy  could,  of  course,  be  provided  by 
the  rescue  boat  provided  that  the  rescue  boat  had  sufficient 
capacity  to  substitute  for  one  or  more  damaged  liferafts  and 
for  the  people  retrieved  from  the  water. 

The  effect  of  more  than  one  rescue  boat  on  the  rescue  rate  was 
analyzed  using  the  standard  ferry  involved  in  a fire  type  of 
casualty.  The  results  are  shown  in  Figure  6-33  This  analysis 
also  demonstrates  the  analysis  of  two  parameters  since  the  com- 
parison of  the  rescue  rate  with  one  and  two  boats  is  made  between 
curves  of  rescue  rate  versus  MTTP.  With  MTTP  equal  to  one  minute, 
the  rescue  rate  is  nearly  doubled  by  adding  a second  boat. 


I 


I 

i ' 


127 


3 

H 


AIiANDON  GIIIF'  CIHtJI  ATION 


GlMUt  Allow  SrWIAl  WO.  AG  2/>'? 


FERRY 


150  FECI 
200 

10  MAW  LTFEBOATG 


WIJMBER  OF  RESCUE  BOATG  I 

RESCUE  BOAT  CAFACIIY  ;-i  t 2 MAW  CRfU  (FACll  BOAT) 

MEAW  TIME  TO  I.AUWCII  REGCUE  BOAT  .7  n I Will  EG 
ME  AW  TIME  TO  I’ERFORM  GTAWBARB  MANEUVER  ^ .1  MTiJ. 

MEAN  TIME  TO  PICK  UP  ONE  MAN  FROM  UAri  R | MIN. 
RATEB  HEEL  ANGLE  OF  REGCUE  BOAT  BAV I TG  20  nrCG . 
RATEB  SEA  GTAIE  CAPABILITY  = 20  I T.  SIGN  . UJAVE  HOT 


ON  AVfj..‘  5 Z OF  CREW  Ml.  lEB  BY  CAGUAI  ) Y 
0 CREWMEN  KNOCKEB  OVERBOARB 
5 7.  OF  CREW  IGOI  AIFB  FROM  I n iBilATr. 
10  7.  OF  LIFEBOATS  DAMAGEB 
.,^0  MIN.  FROM  BEGINNlNi;  (if  CAGUAI  1 Y 
TO  BEGINNING  OF  A BAN BON  SHIP. 


REGUI  TG  OF  300  GIMUI  TIONG: 

OVERAl  I TRAC  now  01 
MEN  IN  WATER  REGCUEB 
BY  RLGCUE  BOAT 


NO. 

TIMES 

NO.  IN  WATER f N 300 

NO.  REGCUEB  BY  BOAI.NG  10 

RAIIO  NS/N  10 

RESCUE  BOAT  DAMAGEB  0 

R.B.  I At  INCH  FAILEB  37 

*NRBRB  . At. I BOAIS  FII  I EB  TO 
CAPACITY  BEFORE  LAUNCH  21 S 

♦ NRBRB.  RESCUE  BOA  I % ALL 
BOAFS  » RAFFS  FN  WAFER 
FTIFEB  TO  CAPACITY  12 


* . OA 1 # 

MEAN  ^ 


I 0.11 


3 . 9 A 


7 X K 


FIGURE  32 


Rescue  Rate-  2:Ns/j:N 


Finally,  the  ability  to  analyze  the  effect  of  ship  characteristics 
and  rescue  boat  characteristics  on  the  rescue  rate  is  demonstrated 
by  analysis  of  the  change  in  the  number  of  lifeboats  and  rescue 
boats  as  a function  of  HTTP.  The  results  of  this  analysis,  con- 
ducted for  collision  and  fire  type  casualties  on  tankers,  is 
shown  in  Figure  6-34.  The  results  show  that  there  is  not  sub- 
stantial change  in  the  rescue  rate  when  the  number  of  lifeboats 

is  reduced  from  4 to  3,  i.e.,  when  the  rescue  boat  is  considered 

as  a substitute  for  one  of  the  required  lifeboats  rather  than  an 

addition.  When  the  number  of  lifeboats  is  reduced  to  three  and 
the  number  of  rescue  boats  is  increased  to  two,  however,  a signif- 
icant Increase  in  the  rescue  rate  occurs.  Further  studies  should 
be  made  to  determine  whether  the  rescue  rate  would  change  if  the 
number  of  lifeboats  were  reduced  to  two  and  the  number  of  rescue 
boats  held  at  two.  Substantially  different  results  would  be 
expected  for  casualty  types  such  as  collision  and  sinking  and 
capsizing  in  which  the  vessel  takes  on  a list,  thereby  diminish- 
ing the  probability  of  successfully  launching  the  lifeboats. 

The  conclusion  can  be  tentatively  drawn,  however,  that  a rescue 
boat  need  not  be  carried  in  addition  to  a full  complement  of 
lifeboats  and  that  there  are  advantages  to  either  carrying  multi- 
ple rescue  boats  or  having  lifeboats  with  improved  rescue  char- 
acteristics. 
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6.3  Rescue  Boat  Test  Procedures 


Additional  test  procedures  are  required  over  and  above  those  present 
ly  specified  in  the  Coast  Guard  regulations,  to  determine  the  ef- 
fectiveness of  rescue  boats  in  rescue  operations.  The  functional 
performance  parameters,  boat  speed  in  waves,  the  MTTP  and  the 
"mean  time  to  perform  the  standard  maneuver",  proposed  as  measures 
of  the  rescue  boat's  speed  and  agility  are  by  their  nature  dynamic 
quantities.  As  such  they  must  be  measured  dynamically.  That  is, 
they  must  be  determined  by  measuring  a given  boat's  performance 
on  an  actual,  but  standardized,  course. 

A tentative  test  specification  for  the  "mean  time  to  perform  the 
standard  maneuver"  would  require  the  boat  to  maneuver  from  the 
side  of  a vessel  to  a buoy  located  one  hundred  yards  abeam  and  fifty 
yards  ahead  of  the  starting  point.  The  heading  at  the  starting 
point  would  be  into  the  seas.  The  boat  would  be  required  to  pro- 
ceed at  its  best  speed  and  heading  to  the  buoy,  stop  and  hold  its 
position  alongside  for  at  least  fifteen  seconds  in  a nominal  sea 
with  wave  heights  of  three  feet  (average  of  the  one  third  highest). 

A wave  height  meter  would  be  used  to  measure  the  waves  to  ensure 
that  the  significant  wave  height  remained  within  + 0.5  feet  during 
the  test.  The  course  would  be  run  with  three  or  more  different 
coxswains  selected  at  random  from  certified  llfeboatmen  but  with 
no  additional  expertise  as  coxswains.  Each  coxswain  would  run 
the  course  at  least  three  times.  The  rated  "mean  time  to  perform 
the  standard  maneuver"  would  be  the  average  of  the  six  fastest 
times. 

A tentative  test  specification  for  the  "mean  time  to  pick  up  one 
survivor"  (MTTP)  would  require  the  boat  to  maneuver  from  the  side 
t of  a vessel  to  six  buoys  arranged  in  a specified  pattern.  The 

f buoys  pattern  would  be  so  arranged  that  their  spacing  would  be 

I between  50  and  500  yards  apart.  At  each  buoy  the  rescue  boat 

I crew  would  be  required  to  lift  aboard  a 150  pound  dummy  wearing 
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a PFD  and  attached  to  the  buoy  with  a quick  release  clip.  The  sea 
conditions  and  coxswain  selection  would  be  the  same  as  in  the 
standard  maneuver  test.  The  rated  HTTP  would  be  determined  by 
computing  the  average  of  the  six  fastest  times. 

A third  proposed  measure  of  rescue  boat  performance  requiring 
testing  is  the  speed  in  waves.  This  can  be  obtained  by  running 
standard  measured  mile  speed  trials  in  seas  high  enough  to  obtain 
at  least  a twenty-five  percent  speed  loss  while  measuring  the 
wave  heights  with  a wave  meter. 
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